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HOW TO USE THIS BOOK, 


IF THE DEVICE TYPE NUMBER IS KNOWN 


Look up the number in the /ndex. Either the exact General Electric type or a suggested 
replacement type will be shown. The page number of the referenced Specification Sheet 
is also indicated, and going to that page will provide you detailed information. Listings 
are numeric-alpha, by column. 


IF THE GENERAL APPLICATION IS KNOWN 


Refer to the Selector Guide for an overview of devices available and select one or 
more types to fit your application. Then refer back to the /ndex to obtain the page 
number of the detailed Specification Sheets. 
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assumed for inaccuracies. The suggested replacements in this catalog represent what we believe to be the nearest GE 
equivalents for the products listed and in most instances are exact replacements. However, GE assumes no responsibility 
and does not guarantee that the replacements are exact, but only that the replacements will meet the terms of its 
applicable published written product warranties. The pertinent GE product specification sheets should be used as the 
key tool for actual replacements. 
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Company conveys any license under patent claims covering combinations of semiconductor devices with other devices 
or elements. in the absence of an express, written agreement to the contrary, General Electric Company assumes no 
liability for patent infringement arising out of any use of the semiconductor devices with other devices or elements 
by any purchaser of semiconductor devices or others. 


PRINTED IN U.S.A. 


CONTENTS 


PAGE INDEX & INTERCHANGEABILITY INDEX (NUMERIC-ALPHA ORDER) 


SELECTOR GUIDES 
Silicon Signal Transistors 
Silicon Power Transistors 


Signal Diodes 


MANUFACTURER'S CODES 


Amelco Semiconductors 
American Micro Semiconductors 
Advanced Micro Devices 
Amperex Electronic Corp. 
Atlantic Semiconductor, Inc. 
Centra Lab 

Clarix 

CMI, Inc. 

Diodes, Inc. 

Electronics Component Corp. 
Unisem Corp. 

Edal Industries 

Electronic Devices, Inc. 
Electro-Nuclear Labs 

Societe European De Semiconducteurs, France 
Ferranti Ltd., England 
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Pirgo Electronics, Inc. 

Plessy, Ltd. 
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Power Semiconductor, Inc. 
La Radiotechnique, France 
Raytheon Co. 
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Siemens, W. Germany 
Signetics 

Silicon General 

Silicon Transistor Corp. 
Solitron Devices, Inc. 
Spectronics, Inc. 

Sperry Gyrascope Co. 
Sprague 

Solid State Products, Inc. 
Silicon Transistor Corp. 
Sylvania Electric Products, Inc. 
Syntron 

Transistor AG, Switzerland 
Transitron Electronic Corp. 
Texas Instruments, Inc. 
Toshiba, Japan 

TRW Semiconductor Division 
Teledyne Semiconductors 
Unitrode Corp. 

Unisem, Inc. 

United Page, Inc. 

Varo, Inc. 

Varadyne 
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The suggested replacements represent what we believe to be equivalents for the products listed. GE assumes 
no responsibility and does not guarantee that the replacements are exact, but only that the replacements will 
meet the terms of its applicable published written product warranties. The pertinent GE product specification 
sheets should be used as the key tool for actual replacements. 
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1000PK** 
TO1KL** 
101RA** 
101RC** 
1ORC 100A 
10RC10A 
TORC10AS24 
10RC120A 
10RC20A 
1ORC20AS24 


10RC30A 
10RC30AS24 
10RC40A 
10RC40AS24 
10RC50A 
1ORC50AS24 
10RC60A 
JORC60AS24 
JORC80A 
115PA"* 


125PALB** 
125PAM** 
140PAM'* 


16C15C 


16C20C 
16C25C 
16C30C 
16C40C 
16C50C 
16C60C 
16C70C 
16C80C 
16RC 100A 
ERCIOA 
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16RC20A 
16RC20AS24 
16RC30A 
16RC30AS24 
16RC40A 
16RC40AS24 
16RC50A 
16RC50AS24 


16RC60A 
16RC60AS24 
16RC80A 
1714-0402 
1714-0405 
1714-0602 
1714-0605 
175PA** 
18RC10 
18RC15 


18RC20 


18RC70 
18RC80 


18RC90 
18RC 100 
1N914 
IN914A 
1N914B 
1N916 
INQ1GA 
1N916B 
IN248A, RA 
1N248B, RB 


1N248C, RC 
1N248, R 

1N249A, RA 
1N249B, RB 
1N249C, RC 
1N249, R 

1N250A, RA 
1N2508, RB 
1N250C, RC 
1N250, R 
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C137PX27 
C230AX243 
C37AX127 
C137PBX27 
C230BX243 
C37BX127 


C230€X243 
C37CX127 
C2300x243 
C37DX127 
C230EX243 
C37EX127 
C230MX243 
C37MX127 
C137NX27 
C350 


2N5206 
C230AX244 


C140A 
2N5207 
Raaoeneee 


1408 
C230CX244 
C140C 
C230DX244 
C1400 
C230EX244 
C139E20E 


C230MX244 
C139M20M 
2N5205 
D44Cc6 
D44Cc6 
D44C8 
D44C8 

380 
C137AX149 
C137GX149 


C137BX149 
C137HX149 
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137FX149 
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IC137NX149 
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Suggested GE 
Replacement 


IN1185A, RA 
1N7185, R 
1N1186A, RA 
1N1186, R 
1N1187A, RA 
1N1187,8 


1N1188A, RA 
1N1188, R 
1N1189A, RA 
1N1189, R 
1N1190A, RA 
1N1190, R 
1N1191,R,A,RA 
1N1192,R,A,RA 
1N1193,R,A,RA 
1N1194,R,A,RA 


1N1195,R,A,RA 
1N1196,R,A,RA 
1N1197,R,A,RA 
1N1198,R,A,RA 
1N1199,R,A,RA 
1N1200,R,A,RA 
1N1201,R,A,RA 
1N1202,R,A,RA 
1N1203,R,A,RA 
1N1204,R,A,RA 


1N1205,R,A,RA 
1N1206,R,A,RA 
1N1341,R,4,RA 
1N1342,R,A,RA 
1N1343,R,A,RA 
1N1344,R,A,BA 
1N1345,R,A,RA 
1N1346,R,A,RA 
1N1347,R,A,RA 
1N1348,R,A,RA 


1N3208, 


1N3209, 
1N32 10, 
1N3211, 
1N32 12, 
1N3213, 
1N3214, 
1N3260,R 
1N3261,R 
1N3262,R 
1N3263,R 


1N3264,R 
1N3265,R 
1N3266, 
1N3267, 
1N3268, 
1N3269, 
1N3270, 
1N3271, 
1N3272, 
1N3273, 


1N3288,R 
1N3289,R 
1N3290, R 
1N3291, R 
1N3292,R 
1N3293, R 
1N3294,R 
1N3295, R 
1N3296, R 
1N3670,A, R 
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Suggested GE 
Replacement 
yee [Mig] Proa.tine [Pace] Type [Pave 


IN3671,AR GE RECTIFIER 1N4531 GE SIG DIODE 
1N3672,A, R GE RECTIFIER 1N4532 GE SIG DIODE 
1N3673,A, R GE RECTIFIER 1N4533 GE SIG DIODE 
1N3712 GE TUNNEL DIO 1N4534 GE SIG DIODE 
1N3713 GE TUNNEL DIO 1N4536 GE SIG DIODE 
1N3714 GE TUNNEL DIO 1N4606 GE SIG DIODE 
1N3715 GE TUNNEL DIO 1N4607 GE SIG DIODE 
1N3716 GE TUNNEL DIO 1N4608 GE SIG DIODE 
1N3717 GE TUNNEL DIO 1N4727 GE SIG DIODE 
1N3718 GE TUNNEL DIO 1N4828 GE RECTIFIER 
1N3719 GE TUNNEL DIO 1N4829 GE SIG DIODE 
1N3720 GE = TUNNEL 010 1N4830 GE SIG DIODE 
1N3721 GE TUNNEL DIO 1N4863 GE SIG DIODE 
1N3735,R GE RECTIFIER 1N4864 GE SIG DIODE 
1N3736,R GE RECTIFIER 1N5059 GE RECTIFIER 
1N3738, R GE RECTIFIER 1N5060 GE RECTIFIER 
1N3739, R GE RECTIFIER 1N5061 GE RECTIFIER 
1N3740, 8 GE RECTIFIER 1NS062 GE RECTIFIER 
1N3741,R GE RECTIFIER 1N5179 GE SIG DIODE 
1N3742, R GE RECTIFIER 1N5331, R GE RECTIFIER 
1N3743, R GE RECTIFIER 1N5332, R GE RECTIFIER 
1N3765, R GE RECTIFIER 1N5624 GE RECTIFIER 
1N3766, R GE RECTIFIER 1N5625 GE RECTIFIER 
1N3767,R GE RECTIFIER 1NS626 GE RECTIFIER 
1N3768, R GE RECTIFIER 1N5627 GE RECTIFIER 
1N3879,R GE RECTIFIER 201A WESY SCR 
1N3880,R GE RECTIFIER 201B WESY SCR 
1N3881,R GE RECTIFIER 201C WESY SCR 
1N3882,R GE RECTIFIER 2010 WESY SCR 
1N3883,R GE RECTIFIER 201E WESY SCR 
1N3889,R GE RECTIFIER 201F WESY SCR 
1N3890,R GE RECTIFIER 201H WESY SCR 
1N3891,R GE RECTIFIER 201K WESY SCR 
1N3892,R GE RECTIFIER 201M WESY SCR 
1N3893,R GE RECTIFIER 201P WESY SCR 
1N3899,R GE RECTIFIER 2018 WESY SCR 
1N3900,R GE RECTIFIER 201U WESY SCR 
1N3901,R GE RECTIFIER 201V WESY SCR 
1N3902,R GE RECTIFIER 2012 WESY SCR 
1N3903.R GE RECTIFIER 201ZB WESY SCR 
1N3909,R GE RECTIFIER 201ZD WESY SCR 
1N3910,R GE RECTIFIER 202A WESY SCR 
1N3911,R GE RECTIFIER 202B WESY SCR 
1N3912 GE RECTIFIER 202C WESY SCR 
1N3913,R GE RECTIFIER 202D WESY SCR 
1N3987,R GE RECTIFIER 202E WESY SCR 
1N3988, R GE RECTIFIER 202F WESY SCR 
1N3989, R GE RECTIFIER 202H WESY SCR 
1N3990, R GE RECTIFIER 202K WESY SCR 
1N4044,R GE RECTIFIER 202M WESY SCR 
1N4045,R GE RECTIFIER 202P WESY SCR 
1N4046,R GE RECTIFIER 2028 WESY SCR 
1N4047,.R GE RECTIFIER 202U WESY SCR 
1N4048,R GE RECTIFIER 202V WESY SCR 
1N4049,R GE RECTIFIER 202Z WESY SCR 
1N4050,R GE RECTIFIER 202ZB WESY SCR 
IN4051R GE RECTIFIER 202ZD WESY SCR 
1N4052,R GE RECTIFIER 203A WESY SCR 
1N4053.R GE RECTIFIER 203B WESY SCR 
1N4054,R GE RECTIFIER 203C WESY SCR 
1N4055,R GE RECTIFIER 2030 WESY SCR 
1N4056,R GE RECTIFIER 203E WESY SCR 
1N4090 TUNNEL DIO 203F WESY SCR 
1N4148 GE SIG DIODE 203H WESY SCR 
1N4149 GE SIG DIODE 203K WESY SCR 
1N4150 GE SIG DIODE 203M WESY SCR 
1N4151 GE SIG DIODE 203P WESY SCR 
1N4162 GE SIG DIODE 203S WESY SCR 
1N4153 GE SIG DIODE 203U WESY SCR 
1N4154 GE SIG DIODE 203V WESY SCR 
1N4156 GE SIG DIODE 203Z WESY SCR 
1N4157 GE SIG DIODE 22RC10 IR SCR 
1N4245 GE RECTIFIER 22RC20 IR SCR 
1N4247 GE RECTIFIER 22RC30 IR SCR 
1N4248 GE RECTIFIER 22RC40 IR SCR 
1N4249 GE RECTIFIER 22RC50 IR SCR 
1N4305 GE SIG DIODE 22RC60 IR SCR 
1N4444 GE SIG DIODE 23C 100B SYN SCR 
1N4446 GE SIG DIODE 23C110B SYN SCR 
1N4447 GE SIG DIODE 23C120B SYN SCR 
1N4448 GE SIG DIODE 23C50B SYN SCR 
1N4449 GE SIG DIODE 23C60B SYN SCR 
1N4450 GE SIG DIODE 23C70B SYN SCR 
1N4451 GE SIG DIODE 23C80B SYN SCR 
4N4453 GE SIG DIODE 23C908 SYN SCR 
1N4454 GE SIG DIODE 240PAM** IR SCR 
1N4510,R GE RECTIFIER 250PAC** IR SCR 
1N4511,R GE RECTIFIER 250PAM** IR SCR 
1N4529,R GE RECTIFIER 250PA"" IR scR 
1N4530,R GE RECTIFIER 251UL** IR RECTIFIER 
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PWR TRAN 


2853.2 PWR TRAN 

2853-3 PWR TRAN 

2854-1 PWR TRAN 

2854.2 PWR TRAN 

2854-3 PWR TRAN 

2855-1 PWR TRAN 

2855-2 PWR TRAN 

2855.3 PWR TRAN 

2856.1 PWR TRAN 

2856.2 PWR TRAN 

2856-3 PWR TRAN 

2N489 GE UJT TRAN 298 

2N489A GE UJT TRAN 298 

2N489B GE UJT TRAN 298 

2N490 GE UJT TRAN 298 

2N490A GE UJT TRAN 298 

2N490B GE UJT TRAN 298 

2N490C GE UJT TRAN 304 

2N490C GE UJT TRAN 304 

2N681 GE SCR 306 

2N681 GE SCR 306 

2N682 GE SCR 306 

2N682 GE SCR 306 

2N683 GE SCR 306 

2N683 GE SCR 306 

2N684 GE SCR 306 

2N684 GE SCR 306 

2N685 GE SCR 306 

2N685 GE SCR 306 

2N686 GE SCR 306 

2N686 GE SCR 306 

2N687 GE SCR 306 

2N687 GE SCR 306 

2N688 GE SCR 306 

2N688 GE SCR 306 

2N689 GE SCR 306 

2N689 GE SCR 306 

2N690 GE SCR 306 

2N690 GE SCR 306 

2N690A GE SCR 306 

2N691 GE SCR 306 

2N691 GE SCR 306 

2N692 GE SCR 306 

2N692 GE SCR 306 

2N696A PWR TRAN 

2N697 PWR TRAN 

2N697A PWR TRAN 

2N877 GE SCR 310 

2N878 GE SCR 310 

2N879 GE SCR 310 

2N880 GE SCR 310 

2N881 GE SCR 310 

2N885 GE SCR 310 

2N886 GE SCR 310 

2N887 GE SCR 310 

2N888 GE SCR 310 

2N889 GE SCR 310 

2N929 SIG TRAN GES929 11 

2N930 SIG TRAN GES930 1191 

2N1047 PWR TRAN D44C7 4147 

2N1049 PWR TRAN D44C8 1147 

2N1050 PWR TRAN D44R1 1169 

2N 1067 PWR TRAN D40Et 1109 

2N1068 PWR TRAN 040E1 1109 

2N1069 PWR TRAN 044C6 1147 

2N1070 PWR TRAN 044C8 1147 

2N1084 PWR TRAN D43C6 1143 

2N1092 PWR TRAN D42C1 1135 

2N1206 PWR TRAN D40E5 1109 

2N122 PWR TRAN D40P1 1121 

2N1335 PWR TRAN D44R1 1169 

2N1336 PWR TRAN D44R1 1159 

2N1337 PWR TRAN 044R1 1159 

2N1338 PWR TRAN 044R1 1159 

2N1339 PWR TRAN 044R1 1159 

2N1340 PWR TRAN D44R1 1159 

2N1341 PWR TRAN D44R} 1159 

2N1342 PWR TRAN D44R1 1159 

2N1409 PWR TRAN D40E1 1109 

2N1410A PWR TRAN D40E1 1109 

2N1445 PWR TRAN D44R1 1159 

2N1470 PWR TRAN D44C8 1147 

2N1479 PWR TRAN D40E5 1109 

2N1480 PWR TRAN D40E7 1109 

2N1481 PWR TRAN D40E5 1109 

2N1482 PWR TRAN D40E7 1109 

2N1483 PWR TRAN D44C5 1147 

2N1484 PWR TRAN D44C8 1147 
| 2N 1485 PWR TRAN 044C5 1147 
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Suggested GE 
Replacement 


Type Mfg.| Prod.Line | Page| Type Page 
2N1486 PWR TRAN D44C8 1147 
2N1505 PWR TRAN D40E5 1109 
2N 1506 PWR TRAN D40E5 1109 
2N1506A PWR TRAN D40E7 1109 
2N1595 GE SCR 314 

2N{595A GE SCR 314 

2N1596 GE SCR 314 

2N1596A GE SCR 314 

2N1597 GE SCR 314 

2N1597A GE SCR 314 

2N1598 GE SCR 314 

2N1598A GE SCR 314 

2N1599 GE SCR 314 

2N1599A GE SCR 314 

2N1600 GE SCR 322) 

2N1601 GE SCR 322 

2N1602 GE SCR 322 

2N1603 GE scr 322 

2N 1604 GE SCR 322 

2N1613A PWR TRAN D40E5 1109 
2N1613B PWR TRAN D40E7 1109 
2N1671 GE  UJT TRAN 318 

2N1671A GE UJT TRAN 318 

2N1671B GE JT TRAN 318 

2N1671C GE UJT TRAN 318 

2N1691 PWR TRAN D40P1 1124 
2N1700 PWR TRAN D40E5 1109 
2N1701 PWR TRAN 044C4 1147 
2N1709 PWR TRAN 042C7 41135 
2N1710 PWR TRAN D42C4 1135 
2N1714 PWR TRAN D40E5 1109 
2N1715 PWR TRAN D44R1 1159 
2N1716 PWR TRAN D40E5 1109 
2N1717 PWR TRAN D44Rt 1159 
2N1718 PWR TRAN D40E5 1109 
2N1719 PWR TRAN 042R1 1139 
2N1720 PWR TRAN D44C8 1147 
2N1721 PWR TRAN D42R1 1139 
2N1722 PWR TRAN D44H10 1155 
2N1723 PWR TRAN D44H11 1155 
2N1725 PWR TRAN D44H11 1155 
2N1768 PWR TRAN 044C6 1147 
2N1769 PWR TRAN D44C8 1147 
2N1770 GE SCR 322 

2N1770A GE SCR 663 

2N1771 GE  scR 322 

2N1771A GE SCR 663 

2N1772 GE SCR 322 

2N1772A GE SCR 663 

2N1773 GE SCR 322 

2N1773A GE SCR 663 

2N1774 GE SCR 322 

2N1774A GE SCR 663 

2N1775 GE SCR 322 

2N1775A GE SCR 663 

2N1776 GE SCR 322 

2N1776A GE SCR 663 

2N1777 GE SCR 322 

QN1777A GE Scr 663 

2N1778 GE SCR 322 

2N1792 GE SCR 707 

2N1793 GE SCR 707 

2N1794 GE SCR 707 

2N1795 GE SCR 707 

2N1796 GE SCR 707 

2N1797 GE SCR 707 

2N1798- GE SCR 707 

2N1837 PWR TRAN D40E5 1109 
2N1838 PWR TRAN D40E5 1109 
2N 1839 PRW TRAN D40E5 1109 
2N1840 PRW TRAN D40E1 1109 
2N1842 GE SCR 328 

2N1842A GE SCR 328 

2N1842B GE SCR 675 

2N1843 GE SCR 328 

2N1843A GE SCR 328 

2N1843B GE scr 675 

2N1844 GE SCR 328 

2N1844A GE SCR 328 

2N1844B GE SCR 675 

2N1845 GE SCR 328 

2N1845A GE SCR 328 

2N18458 GE SCR 675 

2N1846 GE SCR 328 

2N1846A GE SCR 328 

2N1846B GE SCR 675 

2N1847 GE SCR 328 

2N1847A GE SCR 328 

2N1847B GE SCR 675 

2N 1848 GE SCR 328 


2N1848A 
2N1848B 
2N1849 
2N1849A 
2N1849B 
2N1850 
2N1850A 
2N1850B 
2N1886 
2N1889 


2N1890 
2N1909 
2N1910 
2N1911 
2N1912 
2N1913 
2N1914 
2N1915 
2N1916 
2N1943 


2N1958 
2N1958A 
2N1959 
2N1959A 
2N1972 
2N1973 
2N1974 
2N1975 
2N1986 
2N1987 


2N1990 
2N2008 
2N2017 
2N2018 
2N2019 
2N2020 
2N2021 
2N2023 
2N2024 
2N2025 


2N2026 
2N2027 
2N2028 


2N2029 
2N2030 
2N2033 
2N2034 
2N2035 
2N2036 
2N2038 


2N2039 
2N2040 
2N2041 
2N2049 
2N2060 
2N2060A 
2N2102 
2N2102A 
2N2108 
2N2150 


2N2151 
2N2160 
2N2162 
2N2163 
2N2185 
2N2186 
2N2187 
2N2192 
2N2192A 
2N2192B 


2N2193 
2N2193A 
2N2193B 
2N2194 
2N2194A 
2N2194B 
2N2197 
2N2198 
2N2217 
2N2218 


2N2218A 
2N2219 
2N2220 
2N2221 
2N2221 
2N2221A 
2N2222 
2N2222 
2N2222A 
2N2239 
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SCR 
PWR TRAN 
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PWR TRAN 
PWR TRAN 
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PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
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SCR 


PWR TRAN 
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PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 


PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 


PWR TRAN 
PWR TRAN 
PWR TRAN 
SIG TRAN 
PWR TRAN 
SIG TRAN 
SiG TRAN 
PWR TRAN 
SiG TRAN 
PWR TRAN 
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Suggested GE 
Replacement 


Type 


PWR TRAN 
PWR TRAN 


2N2325A 
2N2326 


2N2344 


2N2345 GE SCR 
2N2346 GE SCR 
2N2347 GE SCR 
2N2348 GE SCR 
2N2410 PWR TRAN 


2N2443 PWR TRAN 
2N2483 SIG TRAN 

2N2537 PWR TRAN 
2N2538 PWR TRAN 


2N2573 GE SCR 
2N2574 


2N2646 UJT TRAN 


2N2647 GE UJT TRAN 
2N2653 


2N2724 PWR TRAN 


2N2787 PWR TRAN 
2N2788 PWR TRAN 
2N2828 PWR TRAN 
2N2829 PWR TRAN 
2N2840 GE UJT TRAN 
2N2846 PWR TRAN 
2N2848 PWR TRAN 
2N2853-1 PWR TRAN 
2N2854-1 PWR TRAN 
2N2855-1 PWR TRAN 


2N2856-1 PWR TRAN 
2N2863 PWR TRAN 
2N2864 PWR TRAN 
2N2868 PWR TRAN 
2N2875 PWR TRAN 
2N2876 PWR TRAN 
2N2877 PWR TRAN 
2N2878 PWR TRAN 
2N2883 PWR TRAN 
2N2884 PWR TRAN 


2N2888 


PWR TRAN 


2N2947 PWR TRAN 
2N2948 PWR TRAN 
2N2949 PWR TRAN 
2N2950 PWR TRAN 
2N3015 PWR TRAN 
2N3016 PWR TRAN 
2N3017 PWR TRAN 
2N3021 PWR TRAN 
2N3022 PWR TRAN 
PWR TRAN 


Suggested GE 
Replacement 


Mtg.| Prod. Line 


2N3024 PWR TRAN 2N3569 PWR TRAN 
2N3025 PWR TRAN 2N3583 PWR TRAN 
2N3026 PWR TRAN 2N3584 PWR TRAN 
2N3053 PWR TRAN 2N3585 PWR TRAN 
2N3053 SIG TRAN 2N3590 PWR TRAN 
2N3054 PWR TRAN 2N3591 PWR TRAN 
2N3072 PWR TRAN 2N3592 PWR TRAN 
2N309 1-96 IR SCR 2N3593 PWR TRAN 
2N3107 PWR TRAN 2N3594 PWR TRAN 
2N3108 PWR TRAN 2N3619 PWR TRAN 
2N3109 PWR TRAN 2N3620 PWR TRAN 
2N3110 PWR TRAN 2N3621 PWR TRAN 
2N3114 PWR TRAN 2N3622 PWR TRAN 
2N3118 PWR TRAN 2N3623 PWR TRAN 
2N3119 PWR TRAN 2N3624 PWR TRAN 
2N3120 PWR TRAN 2N3625 PWR TRAN 
2N3121 PWR TRAN 2N3626 PWR TRAN 
2N3122 PWR TRAN 2N3627 PWR TRAN 
2N3138 PWR TRAN 2N3628 PWR TRAN 
2N3140 PWR TRAN 2N3629 PWR TRAN 
2N3142 PWR TRAN 2N3630 PWR TRAN 
2N3144 PWR TRAN 2N3632 PWR TRAN 
2N3199 PWR TRAN 2N3633 PWR TRAN 
2N3200 PWR TRAN 2N3638 SIG TRAN 
2N3205 PWR TRAN 2N3638A SIG TRAN 
2N3206 PWR TRAN 2N3649 GE SCR 
2N3226 PWR TRAN 2N3649 GE SCR 
2N3228 GE SCR 747 2N3650 GE SCR 
2N3229 PWR TRAN 2N3650 GE SCR 
2N3244 PWR TRAN 2N3651 GE SCR 
2N3245 PWR TRAN 2N3651 GE SCR 
2N3252 PWR TRAN 2N3652 GE SCR 
2N3253 PWR TRAN 2N3652 GE SCR 
2N3269 GE SCR CF 2N3653 GE SCR 
2N3270 GE SCR CF 2N3653 GE SCR 
2N3271 GE SCR CF 2N3654 GE SCR 
2N3272 GE SCR CF 2N3654 GE SCR 
2N3295 PWR TRAN 2N3655 GE SCR 
2N3296 PWR TRAN 2N3655 GE SCR 
2N3297 PWR TRAN 2N3656 GE SCR 
2N3298 PWR TRAN 2N3656 

2N3299 PWR TRAN 

2N3300 PWR TRAN 

2N3309 PWR TRAN 

2N3326 PWR TRAN 

2N3375 PWR TRAN PWR TRAN 
2N3390 GE SIG TRAN 353 2N3660 PWR TRAN 
2N3391 GE SIG TRAN 354 2N3661 PWR TRAN 
2N3391A GE SIG TRAN 354 2N3662 GE SIG TRAN 
2N3392 GE SIG TRAN 356 2N3663 GE SIG TRAN 
2N3393 GE SIG TRAN 356 2N3668 GE SCR 
2N3394 GE SIG TRAN 356 2N3669 GE SCR 
2N3395 GE SIG TRAN 359 2N3670 GE SCR 
2N3396 GE = SIG TRAN 359 2N3675 PWR TRAN 
2N3397 GE SIG TRAN 359 2N3678 PWR TRAN 
2N3398 GE SIG TRAN 359 2N3702 SIG TRAN 
2N3402 GE SIG TRAN 361 2N3703 SIG TRAN 
2N3403 GE SIG TRAN 361 2N3704 SIG TRAN 
2N3404 GE SIG TRAN 361 2N3705 SiG TRAN 
2N3405 GE SIG TRAN 361 2N3706 SIG TRAN 
2N3414 GE = SIG TRAN 361 2N3712 PWR TRAN 
2N3415 GE SIG TRAN 361 2N3719 PWR TRAN 
2N3416 GE = StG TRAN 361 2N3720 PWR TRAN 
2N3417 GE = SIG TRAN 361 2N3721 GE SIG TRAN 
2N3418 PWR TRAN 2N3722 PWR TRAN 
2N3420 PWR TRAN 2N3724 PWR TRAN 
2N343A PWR TRAN 2N3724A PWR TRAN 
2N3440 PWR TRAN 2N3725 PWR TRAN 
2N3444 PWR TRAN 2N3725A PWR TRAN 
2N3464 PWR TRAN 2N3734 PWR TRAN 
2N3467 PWR TRAN 2N3735 PWR TRAN 
2N3468 PWR TRAN 2N3738 PWR TRAN 
2N3469 PWR TRAN 2N3739 PWR TRAN 
2N3485 PWR TRAN 2N3740 PWR TRAN 
2N3486 PWR TRAN 2N3740A PWR TRAN 
2N3500 PWR TRAN 2N3742 PWR TRAN 
2N3506 PWR TRAN 2N3744 PWR TRAN 
2N3607 PWR TRAN 2N3745 PWR TRAN 
2N3512 PWR TRAN 2N3747 PWR TRAN 
2N9525 GE SCR 747 2N3748 PWR TRAN 
2N3526 PWR TRAN 2N3753 GE SCR 
2N3528 GE SCR 747 2N3754 GE SCR 
2N3529 GE SCR 747 2N3755 GE SCR 
2N3553 PWR TRAN 2N3756 GE SCR 
2N3554 PWR TRAN 2N3757 GE SCR 
2N3565 SIG TRAN 2N3758 GE SCR 
2N3566 SIG TRAN 2N3759 GE SCR 
2N3567 SIG TRAN 2N3760 GE SCR 
2N3668 SIG TRAN 2N3761 GE SCR 
2N3569 SIG TRAN 2N3762 PWR TRAN 


CF = CONTACT FACTORY 
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Suggested GE 
Replacement 


ise [wa Prods [Pon 


2N3763 PWR TRAN 
2N3766 PWR TRAN 
2N3818 PWR TRAN 
2N3829 PWR TRAN 
2N3830 PWR TRAN 
2N3831 PWR TRAN 
2N3843 GE SIG TRAN 370 
2N3843A GE SIG TRAN 370 
2N3844 GE SIG TRAN 370 
2N3844A GE SIG TRAN 370 
2N3845 GE SIG TRAN 370 
2N3845A GE SIG TRAN 370 
2N3852 PWR TRAN 
2N3853 PWR TRAN 
2N3854 GE SIG TRAN 374 
2N3854A GE SIG TRAN 374 
2N3855 GE SIG TRAN 374 
2N3855A GE SIG TRAN 374 
2N3856 GE SIG TRAN 374 
2N3856A GE SIG TRAN 374 


2N3858 


SIG TRAN 


2N3872 


2N3873 GE SCR 874 
2N3877 GE SIG TRAN 391 
2N3877A GE SiG TRAN 391 
2N3878 PWR TRAN 

2N3896 GE SCR 874 
2N3897 GE SCR 874 
2N3898 GE SCR 874 
2N3899 GE SCR 874 
2N3900 GE SIG TRAN 393 
2N3900A Ge SiG TRAN 393 


2N3901 GE SIG TRAN 395 
2N3903 GE SIG TRAN 397 
2N3904 GE SIG TRAN 397 
2N3905 GE SIG TRAN 401 
2N3906 GE SIG TRAN 401 


2N3916 PWR TRAN 
2N3917 PWR TRAN 
2N3918 PWR TRAN 
2N3919 PWR TRAN 
2N3923 PWR TRAN 
2N3924 PWR TRAN 
2N3925 PWR TRAN 
2N3926 PWR TRAN 
2N3927 PWR TRAN 
2N3936 GE SCR CF 
2N3937 GE SCR CF 
2N3938 GE SCR CF 
2N3939 GE SCR CF 
2N3940 GE SCR CF 
2N3945 PWR TRAN 
2N3948 PWR TRAN 
2N3961 PWR TRAN 
2N4012 PWR TRAN 
2N4026 PWR TRAN 
2N4027 PWR TRAN 
2N4028 PWR TRAN 
2N4029 PWA TRAN 
2N4030 PWR TRAN 
2N4032 PWR TRAN 
2N4036 PWR TRAN 
2N4037 PWR TRAN 
2N4040 PWR TRAN 
2N4041 PWR TRAN 
2N4046 PWR TRAN 
2N4047 PWR TRAN 
2N4047 PWR TRAN 
2N4054 PWR TRAN 
2N4055 PWR TRAN 
2N4056 PWR TRAN 
2N4057 PWR TRAN 
2N4064 PWR TRAN 
2N4069 PWR TRAN 
2N4073 PWR TRAN 
2N4101 GE SCR 747 
2N4103 GE SCR CF 
2N4111 PWR TRAN 
2N4123 GE SIG TRAN 405 
2N4124 GE SIG TRAN 405 
2N4125 GE SIG TRAN 409 


2N4126 SIG TRAN 


CF=CONTACT FACTORY 
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2N4127 
2N4128 
2N4152 
2N4153 
2N4154 
2N4155 
2N4156 
2N4157 
2N4158 
2N4159 


2N4160 
2N4161 
2N4162 
2N4163 
2N4164 
2N4165 
2N4166 
2N4167 
2N4168 
2N4169 


2N4170 
2N4171 
2N4172 
2N4173 
2N4174 
2N4175 
2N4176 
2N4177 
2N4178 
2N4179 


2N4180 
2N4181 
2N4182 
2N4183 
2N4184 
2N4185 
2N4186 
2N4187 
2N4188 
2N4189 


2N4190 
2N4191 
2N4192 
2N4193 
2N4194 
2N4195 
2N4196 
2N4197 
2N4198 
2N4225 


2N4226 
2N4231 
2N4232 
2N4234 
2N4235 
2N4236 
2N4237 
2N4238 
2N4240 
2N4248 


2N4256 
2N4271 
2N4296 
2N4297 
2N4307 
2N4308 
2N4311 
2N4312 
2N4314 
2N4316 


2N4317 
2N4318 
2N4349 
2N4350 
2N4387 
2N4388 
2N4400 
2N4401 
2N4402 
2N4403 


2N4409 
2N4410 
2N4424 
2N4425 
2N4428 
2N4429 
2N4430 
2N4440 
2N4441 
2N4442 


GE 


Tipe [wig | red ine_[Pase| Type 


PWR TRAN 
PWR TRAN 


SCR 
PWR TRAN 


PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
SIG TRAN 


SIG TRAN 

PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 


SIG TRAN 


SIG TRAN 
SiG TRAN 
SIG TRAN 
SIG TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
SCR 
SCR 


Suggested GE 
Replacement 


Page 


413 


Suggested GE 
Replacement 


2N4443 
2N4444 GE SCR 862 


2N4877 PWR TRAN 

2N4890 PWR TRAN 

2N4898 PWR TRAN 

2N4899 PWR TRAN 

2N4910 PWR TRAN 

2N4911 PWR TRAN 

2N4918 PWR TRAN 

2N4919 PWR TRAN 

2N491 GE  UJT TRAN 298 

2N491A GE UJT TRAN 298 

2N491B GE UJT TRAN 298 

2N4920 PWR TRAN 1163 
2N4921 PWR TRAN 044C4 1147 
2N4922 PWR TRAN D44C7 1147 
2N4923 PWR TRAN D44C10 1147 
2N4924 PWR TRAN D40N1 1117 
2N4925 PWR TRAN D44R2 1169 
2N4926 PWR TRAN D40N1 1117 
2N4927 PWR TRAN D40N1 1117 
2N492 GE  UJT TRAN 298 

2N492A GE  UJT TRAN 298 

2N492B GE -UJT TRAN 298 

2N492C GE  UJT TRAN 304 

2N492C GE  UJT TRAN 304 

2N493 GE UJT TRAN 298 

2N493A GE  -UJT TRAN 298 

2N493B GE UJT TRAN 298 

2N494 GE  UJT TRAN 298 

2N494A GE UJT TRAN 298 

2N494B GE  UJT TRAN 298 

2N494C GE  UJT TRAN 304 

2N494C GE  UJT TRAN 304 

2N4976 PWR TRAN 

2N4983 GE SWITCH 427 

2N4984 GE SWITCH 431 

2N4985 GE SWITCH 431 

2N4986 GE SWITCH 427 

2N4987 GE SWITCH 435 

2N4988 GE SWITCH 439 

2N4989 GE SWITCH 439 

2N4990 GE SWITCH 435 

2N4991 GE = SWITCH 443 

2N4992 GE SWITCH 447 

2N4993 GE SWITCH 451 

2N5022 PWR TRAN D041E7 1129 
2N5023 PWR TRAN D41E1 1129 
2N5034 PWR TRAN D44H4 1155 
2N5035 PWR TRAN D044H4 1165 
2N5036 PWR TRAN D44H8 1155 
2N5037 PWR TRAN D44H8 1155 
2N5058 PWR TRAN D44R2 1159 
2N5059 PWR TRAN D44R4 1159 
2N5060 GE SCR 455 

2N5061 GE SCR 455 

2N5062 GE SCR 455 

2N5063 GE SCR 455 

2NS064 GE SCR 455 

2N5079 PWR TRAN D40E5 1109 
2N5080 PWR TRAN D40E5 1109 
2N5088 GE SIG TRAN 457 

2N5089 GE SIG TRAN 457 

2N5112 PWR TRAN 

2N5160 PWR TRAN 

2N5161 PWR TRAN 

2N5164 GE SCR CF 

2N5 165 GE SCR CF 

2N5 166 GE SCR CF 

2N5 167 GE SCR CF 

2N5168 GE SCR CF 

2N5169 GE SCR CF 

2N5170 GE SCR CE 

2N5171 GE SCR CF 

2N5172 GE SIG TRAN 461 

2N5174 GE SIG TRAN 462 

2N5175 GE SIG TRAN 462 

2N5176 GE SIG TRAN 462 

2N5189 PWR TRAN 

2N5190 PWR TRAN 

2N5191 PWR TRAN 

2N5192 PWR TRAN 

2N5193 PWR TRAN 

2N5194 PWR TRAN 

2N5 195 PWR TRAN 

2N5204 GE SCR 463 

2N5205 GE SCR 463 

2N5206 GE SCR 463 

2N5207 GE SCR 463 


2N5§213 PWR TRAN 


CF = CONTACT FACTORY 
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2N5219 
2N5220 
2N5221 
2N5223 
2N5225 
2N5226 
2N5227 
2N5232 
2N5232A 
2N5249 


2N5249A 
2N5252 
2N5253 
2N5262 
2N5279 
2N5293 
2N5294 
2N5295 
2N5296 
2N5297 


2N5298 
2N5305 
2N5306 
2N5306A 
2N5307 
2N5308 
2N5308A 
2N5309 
2N5310 
2N5321 


2N5322 
2N5323 
2N5334 
2N5344 
2N5345 
2N5354 
2N5355 
2N5356 
2N5365 
2N5366 


2N5367 
2N5368 
2N5369 
2N§370 
2N5371 
2N5372 
2N5373 
2N5374 
2N5375 
2N5380 


2N5381 
2N5382 
2N5383 
2N5418 
2N5419 
2N5420 
2N5421 
2N5422 
2N5423 
2N5424 


2N5427 
2N5428 
2N5441 
2N5442 
2N5443 
2N5444 
2N5445 
2N5446 
2N5447 
2N5448 


2N5449 
2N5450 
2N5451 
2N5470 
2N5471 
2N5483 
2N5489 
2N5490 
2N5491 
2N5492 


2N5493 
2N5494 
2N5495 
2N5496 
2N5497 
2N5567 
2N5568 
2N5569 
2N5570 
2N5571 


SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 


SIG TRAN 

PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 


PWR TRAN 
SiG TRAN 
StG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
PWR TRAN 


PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 


SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 


SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 


PWR TRAN 
PWR TRAN 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 

SIG TRAN 
SIG TRAN 


SIG TRAN 

SIG TRAN 

SIG TRAN 

PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 


PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 


Suggested GE 
Replacement 


2N5572 
2N5573 
2N5590 
2N5597 
2N5598 
2N5606 
2N5614 
2N5637 
2N5642 
2N5644 


2N5645 
2N5646 
2N5655 
2N5656 
2N5660 
2N5661 
2N5662 
2N5663 
2N5682 
2N5687 


2N5688 
2N5689 
2N5690 
2N5697 
2N5698 
2N5699 
2N5700 
2N5701 
2N5703 
2N5704 


2N5705 
2N5710 
2N5711 
2N5712 
2N5713 
2N5754 
2N5755 
2N5756 
2N5764 
2N5765 


2N5766 
2N5767 
2N5768 
2N5777 
2N5778 
2N5779 
2N5780 
2N5782 
2N5783 
2N5785 


2N5786 
2N5810 
2N5811 
2N5812 
2N5813 
2N5814 
2N5815 
2N5816 
2N5817 
2N5818 


2N5819 
2N5820 
2N5821 
2N5822 
2N5823 
2N5824 
2N5825 
2N5826 
2N5827 
2N5828 


2N6000 
2N6001 
2N6002 
2N6003 
2N6004 
2N6005 
2N6006 
2N6007 
2N6010 
2N6011 


2N6012 
2N6013 
2N6014 
2N6015 
2N6016 
2N6017 
2N6021 
2N6022 
2N6023 
2N6024 


TRIAC 

TRIAC 

PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 


PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 


PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 


PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
TRIAC 

TRIAC 

TRIAC 

PWR TRAN 
PWR TRAN 


PWR TRAN 
PWR TRAN 
PWR TRAN 
SIG TRAN 
SIG TRAN 
SiG TRAN 
SiG TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 


PWR TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 


SiG TRAN 
SIG TRAN 
SiG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 


SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
S!G TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 


SIG TRAN 
SiG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 


CF= CONTACT FACTORY 


043C5 
042C7 
D42C6 


D42C5 

GES5810 
GES5811 
GES5812 
GES5813 
GES5814 
GES5815 
GES5816 
GES5817 
GES5818 


GES5819 
GES5820 
GES5821 
GES5822 
GES5823 
GES5824 
GES5825 
GES5826 
GES5827 
GES5828 


GES6000 
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2N6025 
2N6026 
2N6027 
2N6028 
2N6034 
2N6035 
2N6036 
2N6037 
2N6038 
2N6039 


2N6068 
2N6069 
2N6070 
2N6071 
2N6072 
2N6073 
2N6074 
2N6075 
2N6076 
2N6076 


2N6098 
2N6099 
2N6100 
2N6101 
2N6102 
2N6103 
2N6106 
2N6107 
2N6108 
2N6109 


2N6110 
2N6111 
2N6114 
2N6115 
2N6121 
2N6122 
2N6123 
2N6124 
2N6125 
2N6126 


2N6129 
2N6130 
2N6131 
2N6132 
2N6133 
2N6134 
2N6139 
2N6140 
2N6141 
2N6142 


2N6143 
2N6144 
2N6145 
2N6146 
2N6147 
2N6151 
2N6152 
2N6153 
2N6154 
2N6155 


2N6156 
2N6157 
2N6158 
2N6159 
2N6160 
2N6161 
2N6162 
2N6163 
2N6164 
2N6165 


2N6167 
2N6168 
2N6169 
2N6170 
2N6171 
2N6172 
2N6173 
2N6174 
2N6175 
2N6176 


2N6177 
2N6178 
2N6179 
2N6180 
2N6181 
2N6218 
2N6219 
2N6220 
2N6221 
2N6222 


PWR TRAN 
PWR TRAN 
SIG TRAN 

SIG TRAN 

PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 


TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
SIG TRAN 
SIG TRAN 


PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 


PWR TRAN 
PWR TRAN 
SIG TRAN 

SIG TRAN 

PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 


PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
TRIAC 
TRIAC 
TRIAC 
TRIAC 


TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 


TRIAC 


PWR TRAN 
PWR TRAN 


PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 


Suggested GE 
Replacement 


Suggested GE 
Replacement 


2N6224 SIG TRAN 

2N6288 PWR TRAN 

2N6289 PWR TRAN 

2N6290 PWR TRAN 

2N6291 PWR TRAN 

2N6292 PWR TRAN 

2N6293 PWR TRAN 

2N6294 PWR TRAN 

2N6295 PWR TRAN 

2N6296 PWR TRAN 

2N6297 PWR TRAN 

2N6342 GE = TRIAC 1381 
2N6342A GE —-TRIAC 1381 
2N6343 GE —-TRIAC 1381 
2N6343A GE ~—TRIAC 1381 
2N6344 GE = TRIAC 1381 
2N6344A GE —_TRIAC 1381 
2N6346 GE = TRIAC 1381 
2N6346A GE TRIAC 1381 
2N6347 GE TRIAC 1381 
2N6347A GE = TRIAC 1381 
2N6348 GE ~—TRIAC 1381 
2N6348A GE ~~ TRIAC 1381 
2N6386 PWR TRAN 

2N6387 PWR TRAN 

2N6388 PWR TRAN 

2N6394 GE SCR 763 
2N6395 GE SCR 763 
2N6396 GE SCR 763 
2N6397 GE SCR 763 
2N6398 GE SCR 763 
2N6400 GE SCR CF 
2N6401 GE SCR CF 
2N6402 GE SCR CF 
2N6403 GE SCR CF 
2N6404 GE SCR CF 
2SA257 PWR TRAN 

2SA258 PWR TRAN 

2SA527 PWR TRAN 

28A528 PWR TRAN 

28A547 PWR TRAN 

2SA565 PWR TRAN 

28A571 PWR TRAN 

2SA597 PWR TRAN 

2SA613 PWR TRAN 

2SA671 PWR TRAN 

2SA715 PWR TRAN 

2SA738 PWR TRAN 

2SA743 PWR TRAN 

2SA743A PWR TRAN 

2SA755 PWR TRAN 

2SA779 PWR TRAN 

2SA780A PWR TRAN 

28C1012A PWR TRAN 

2SCIOIA PWR TRAN 

28C 1024 PWR TRAN 

28C1061 PWR TRAN 

28C106 PWR TRAN 

28C107 PWR TRAN 

28C108A PWR TRAN 

2SC 109A PWR TRAN 

28C1104 PWR TRAN 

28C1105 PWR TRAN 

2801162 PWR TRAN 

28C1212 PWR TRAN 

2SC1212A PWR TRAN 

28C130 PWR TRAN 

28C1368 PWR TRAN 

28C1419 PWR TRAN 

28C1514 PWR TRAN 

2SC1516 PWR TRAN 

2SC1517A PWR TRAN 

28C€213 PWR TRAN 

28C214 PWR TRAN 

28C215 PWR TRAN 

28C223 PWR TRAN 

28C224 PWR TRAN 

2SC225 PWR TRAN 

28C23 PWR TRAN 

28C24 PWR TRAN 

28C291 PWR TRAN 

28C292 PWR TRAN 

28C297 PWR TRAN 

28C298 PWR TRAN 

28C306 PWR TRAN 

2S8C307 PWR TRAN 

28C310 PWR TRAN 

2SC354 PWR TRAN 

2SC490 PWR TRAN 

28C491 PWR TRAN 


CF = CONTACT FACTORY 


16 


Suggested GE 
Replacement 


ioe [Wis[ Prune [Powel Type [Pa 


28C5120 PWR TRAN 
28C512R PWR TRAN 
28C5 130 PWR TRAN 
2S8C513R PWR TRAN 
28C515 PWA TRAN 
28C516 PWR TRAN 
28C516A PWR TRAN 
28C517 PWR TRAN 
28C51 PWR TRAN 
28C524 PWR TRAN 
28C525 PWR TRAN 
28C541 PWR TRAN 
28C543 PWR TRAN 
28C547 PWR TRAN 
28C548 PWR TRAN 
28C549 PWR TRAN 
2SC550 PWR TRAN 
2SC551 PWR TRAN 
2SC552 PWR TRAN 
28C553 PWR TRAN 
28C554 PWR TRAN 
2SC571 PWR TRAN 
28C572 PWR TRAN 
28C573 PWR TRAN 
2SC582 PWR TRAN 
2SC585 PWR TRAN 
2SC591 PWR TRAN 
2SC592 PWR TRAN 
2SC597 PWR TRAN 
28C598 PWR TRAN 
2SC599 PWR TRAN 
2SC59 PWR TRAN 
2SC600 PWR TRAN 
2SC608T PWR TRAN 
2SC609T PWR TRAN 


28C61 PWR TRAN 
2SC635 PWR TRAN 


280636 PWR TRAN 
28C637 PWR TRAN 
28C638 PWR TRAN 
28C646 PWR TRAN 
2SC685 PWR TRAN 
2SC685A PWR TRAN 
2SC686 PWR TRAN 
28C688 PWR TRAN 


2SC690 PWR TRAN 


2SC691 PWR TRAN 
2SC692 PWR TRAN 
2SC697 PWR TRAN 


2SC700 PWR TRAN 


28C702 PWR TRAN 
28C703 PWR TRAN 


2SC704 PWR TRAN 
28C730 PWR TRAN 
28C737 PWR TRAN 
28C756 PWR TRAN 
2SC774 PWR TRAN 
28C777 PWR TRAN 
28C781 PWR TRAN 
2SC788 PWR TRAN 
28C795 PWR TRAN 
2SC799 PWR TRAN 
2SC802 PWR TRAN 
2SC803 PWR TRAN 
28C816 PWR TRAN 
28C821 PWR TRAN 
28C822 PWR TRAN 
28C830 PWR TRAN 
2SC831 PWR TRAN 
2SC840 PWR TRAN 
28C867 PWR TRAN 
28C890 PWR TRAN 
2$C891 PWR TRAN 
2SC892 PWR TRAN 
28C893 PWR TRAN 
2SC909 PWR TRAN 
2sc911 PWR TRAN 
28C916 PWR TRAN 
25C92 PWR TRAN 
2SC931 PWR TRAN 
2SC932 PWR TRAN 
25C93 PWR TRAN 
2SC94 PWR TRAN 
2SC97 PWR TRAN 
2SC990 PWR TRAN 
2SC996 PWR TRAN 
280120 PWR TRAN 
280121 PWR TRAN 
280130 PWR TRAN 
280136 PWR TRAN 


28D 137 
280141 
280142 
28D 146 
2SD150 
280152 
280164 
2SD155 
280156 
280157 


28D158 
28D159 
280174 
2SD175 
280182 
280183 
280184 
28D 185 
2SD226 
2SD226A 


2802340 
2SD234R 
2802350 
2SD235R 
2$D24 
28028 
28029 
28048 
2S8D49 
2SD50 


2SD57 
28058 
28078 
28079 
28090 
28D91 
2SD92 
2SF11 
2SF12 
2SF131 


2SF 132 
2SF 133 
2SF134 
2SF135 
2SF136 
2SF137 
2SF138 
2SF139 
2SF14 

2SF16 


25F18 

2SF200 
2SF201 
2SF221 
2SF222 
2SF223 
2SF224 
2SF225 
2SF226 
2SF227 


2SF228 


2SF266 


2SF267 
2SF268 
2SF269 
2SF26 

2SF271 
2SF272 
2SF273 
2SF274 
2SF275 
2SF276 


2SF277 
2SF278 
2SF279 
2SF286 
2SF288 
2SF289 
2SF28 

2SF291 
2SF292 
2SF293 


[Tipe [we ProLine [Pace] Tyne [Poon 


PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 


PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 


PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 


PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
SCR 
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Suggested GE 


Replacement 
Type 
2SF294 MITJ SCR 
2SF295 MITJ SCR 
2SF296 MITJ SCR 
2SF297 MITJ SCR 
2SF298 MITd SCR 
2SF299 MITJ SCR 
2SF32A NECJ SCR 
2SF34A NECJ SCR 
2SF36A NECJ SCR 
2SF38A NECJ SCR C38D 
2SF448 MITJ SCR C220M 
2SF451 MITJS SCR C220M 
2SF454 MITJ SCR C37M 
2SF455 MITJ SCR C37N 
2SF457 MITJ SCR C137M 
2SF458 MITJ SCR C1378 
2SF459 MITJ SCR C137N 
2SF71 SHEJ SCR €230U 
2SF72 SHEJ SCR C230F 
2SF73 SHEJ SCR C230A 
2SF74 SHEJ SCR C230B 
2SF75 SHEJ SCR C2308 
2SF76 SHEJ SCR C230 
2SF77 SHEJ SCR €230D 
3OOPAC** IR SCR C380X500 
300PA** IR SCR C380X500 
35C025 SYN SCR 
35C025B SYN SCR 
35C0258F SYN SCR 
35C025F SYN SCR 
35C050 SYN SCR 
35C050B SYN SCR 
35CO50BF SYN SCR 
35CO50F SYN SCR 
35C100 SYN SCR 
35C100B SYN SCR 
35C1008F SYN SCR 
35C 100F SYN SCR 
35C10 SYN SCR 
35C10B SYN SCR 
35C 10BF SYN SCR 
35C10F SYN SCR 
35C110 SYN SCR 
35C110B SYN SCR 
35C110BF SYN SCR 
35C110F SYN SCR 
35C120 SYN SCR 
35C 1208 SYN SCR 
35C120BF SYN SCR 
35C120F SYN SCR 
35C15 SYN SCR 
35C 158 SYN SCR 
35C 15BF SYN SCR 
35C15F SYN SCR 
35C20 SYN SCR 
35C20B SYN SCR 
35C20BF SYN SCR 
35C20F SYN SCR 
35C25 SYN SCR 
35C25B SYN SCR 
35C25BF SYN SCR 
35C25F SYN SCR 
35C30 SYN SCR 
35C30B SYN SCR 
35C30BF SYN SCR 
35C30F SYN SCR 
35C40 SYN SCR 
35C40B SYN SCR 
35C40BF SYN SCR 
35C40F SYN SCR 
35C50 SYN SCR 
35C50B SYN SCR 
35C50BF SYN SCR 
35C50F SYN SCR 
35C60 SYN SCR 
35C60B SYN SCR 
35C60BF SYN SCR 
35C60F SYN SCR 
35C70 SYN SCR 
35C70B SYN SCR 
35C70BF SYN SCR 
35C70F SYN SCR 
35C80 SYN SCR 
35C80B SYN SCR 
35C80BF SYN SCR 
35C80F SYN SCR 
35C90 SYN SCR 
35C90B SYN SCR 
35C90BF SYN SCR 
35C90F SYN SCR 


Suggested GE 
Replacement 
Type [Pose | 


3RC1OA 

3RC20A IR SCR C11B 322 
3RC30A IR SCR C11C 322 
3RC40A IR SCR C110 322 
3RCSOA IR SCR C11E 322 
3RC60A IR SCR CtiM 322 
40081 PWR TRAN D40E1 1109 
40082 PWR TRAN D40E1 1109 
401PDA** IR RECTIFIER A397 596 
40216 RCA SCR C144M30M 791 
40250 PWR TRAN 044C6 1147 
40250V1 PWR TRAN D42C5 1135 
40279 PWR TRAN 042C5 1135 
40280 PWR TRAN D40E1 1109 
40281 PWR TRAN 040E1 1109 
40282 PWR TRAN 044C1 1147 
40290 PWR TRAN D40E7 1109 
40291 PWR TRAN D40E7 1109 
40292 PWR TRAN 044C4 1147 
40305 PWR TRAN O040E5 1109 
40306 PWR TRAN D40E5 1109 
40307 PWR TRAN 044C4 1147 
40309 PWR TRAN D40E5 1109 
40310 PWR TRAN D44C5 1147 
40311 PWR TRAN D40Et 1109 
40312 PWR TRAN 044C8 1147 
40314 PWR TRAN D40E5 1109 
40315 PWR TRAN 040E5 1109 
40316 PWR TRAN D44C5 1147 
40317 PWR TRAN D40E5 1109 
40319 PWR TRAN D41E5 1129 
40320 PWR TRAN D40E5 1109 
40321 PWR TRAN D44R3 1159 
40323 PWR TRAN D40E5 1109 
40324 PWR TRAN D44C5 1147 
40327 PWR TRAN D40E1 1109 
40346 PWR TRAN D44R1 1159 
40346Vt PWR TRAN D44R1 1159 
40346V2 PWR TRAN D44R1 1159 
40347 PWR TRAN D40E5 4109 
40347V1 PWR TRAN D40E5 1109 
40347V2 PWR TRAN D40E7 1109 
40348 PWR TRAN 040E7 1109 
40348V1 PWR TRAN D40E7 1109 
40348V2 PWR TRAN 040E7 1109 
40355 PWR TRAN O040N1 1117 
40360 PWR TRAN 040E7 1109 
40361 PWR TRAN 040E7 1109 
40362 PWR TRAN O41E7 1129 
40366 PWR TRAN O41E7 1129 
40367 PWR TRAN 041E7 1129 
40368 PWR TRAN 044C6 1147 
40372 PWR TRAN 042C8 1135 
40378 RCA SCR C1228 747 
40379 RCA SCR C€122D 747 
40389 PWR TRAN D40E1 1109 
40396 PWR TRAN D44R2 1169 
40391 PWR TRAN 041E5 1129 
40392 PWR TRAN 040E5 1109 
40394 PWR TRAN D43C5 1143 
40406 PWR TRAN 041€7 1129 
40407 PWR TRAN 040E7 1109 
40412 PWR TRAN D44R2 1159 
40412V1 PWR TRAN D44R2 1159 
40412V2 PWR TRAN D44R2 1159 
40422 PWR TRAN D44R4 1159 
40424 PWR TRAN D44R4 1159 
40426 PWR TRAN D44R3 1159 
40450 PWR TRAN D40E5 1109 
40451 PWR TRAN D40E5 1109 
40452 PWR TRAN D40E5 1109 
40453 PWR TRAN 040E5 1109 
40454 PWR TRAN D40E1 1109 
40455 PWR TRAN D40E5 1109 
40456 PWR TRAN D40E1 1109 
40459 PWR TRAN D405 1109 
40491 PWR TRAN D44R4 1159 
40537 PWR TRAN 041E5 1129 
40538 PWR TRAN D41E5 1129 
40544 PWR TRAN D40E5 1109 
40578 PWR TRAN D40E1 1109 
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40581 PWR TRAN D40E1 1109 
40582 PWR TRAN D40E1 1109 
40594 PWR TRAN 042C7 1135 
40595 PWR TRAN 043C7 1143 
40605 PWR TRAN D40E5 1109 
40608 PWR TRAN 040E5 1109 
40611 PWR TRAN O040E5 1109 
40613 PWR TRAN 044C2 1147 
40616 PWR TRAN O40E5 1109 
40618 PWR TRAN D44C2 1147 
40621 PWR TRAN 1 
40622 PWR TRAN 1 
40624 PWR TRAN 1 
40627 PWR TRAN 1 
40629 PWR TRAN 1 
40630 PWR TRAN 

40631 PWR TRAN 

40632 PWR TRAN 

40634 PWR TRAN 


PWR TRAN 


40744 


40745 RCA SCR 
40746 RCA SCR 
40747 RCA SCR 
40748 RCA SCR 
40749 RCA SCR 
40750 RCA SCR 
40751 RCA SCR 
40752 RCA SCR 
40753 RCA SCR 
40754 RCA SCR 
40755 RCA SCR 
40756 RCA SCR 
40757 RCA SCR 
40758 RCA SCR 
40759 RCA SCR 
40760 RCA SCR 
40816 PWR TRAN 
40833 RCA SCR 
40867 RCA SCR 
40868 RCA SCR 
40869 RCA SCR 
40873 PWR TRAN 
40874 PWR TRAN 
40875 PWR TRAN 
40876 PWR TRAN 
40877 PWR TRAN 
40878 PWR TRAN 
40881 PWR TRAN 
40882 PWR TRAN 
40884 PWR TRAN 
40885 PWR TRAN 
40886 PWR TRAN 
40938 RCA SCR 


40C025 


40C110 
40€120 


40C30B 


Suggested GE Suggested GE 


Replacement Replacement 
[Type [Mie] Prod.tine [Pave] Type [Pave | 
40C40 SYN SCR C1470 799 RECTIFIER 
40C40B SYN SCR C1470 799 RECTIFIER 
40C50 SYN SCR C147E 799 RECTIFIER 
40C50B SYN SCR C147E 799 RECTIFIER 
40C60 SYN SCR C147M 799 RECTIFIER 
40C60B SYN SCR C147M 799 RECTIFIER 
40C70 SYN SCR C1478 799 RECTIFIER 
40C70B SYN SCR c147S 799 RECTIFIER 
40C80 SYN SCR C147N 799 RECTIFIER 
40C80B SYN SCR C147N 799 RECTIFIER 
40C90 SYN SCR C147T 799 RECTIFIER 
40C90B SYN SCR C147T 799 RECTIFIER 
40RCS 100 IR SCR c147P 799 RECTIFIER 
40RCS10 IR SCR C147A 799 RECTIFIER 
40RCS110 iR_ SCR C147PA 799 RECTIFIER 
40RCS 120 IR SCR C147PB 799 RECTIFIER 
40RCS20 IR SCR C147B 799 RECTIFIER 
40RCS30 IR SCR c147C 799 RECTIFIER 
40RCS40 IR SCR €1470 799 ; RECTIFIER 
40RCS50 IR SCR C147E 799 A139M, R RECTIFIER 
40RCS5 IR SCR C147F 799 A139N, R RECTIFIER 
40RCS60 IR SCR C147M 799 A139P, R RECTIFIER 
40RCS70 IR SCR C147 799 A170,170RE RECTIFIER 
40RCS80 IR SCR C147N 799 A170,170RA RECTIFIER 
40RCS90 IR SCR C147T 799 A170,170RS RECTIFIER 
40RCS** IR SCR C45 689 A170,170RT RECTIFIER 
420PBM"" 1R_ ~—-SCR C447 982 A170,170RPA RECTIFIER 
420PB"" IR SCR €390/C391 936 A170,170RPB RECTIFIER 
45190 PWR TRAN D44H4 1155 A170,170RPC RECTIFIER 
45191 PWR TRAN D44H7 1155 A170,170RPD RECTIFIER 
45192 PWR TRAN D44H10 1155 A170,170RPE RECTIFIER 
45193 PWR TRAN D45H4 1171 A170,170RB RECTIFIER 
45194 PWR TRAN D45H7 1174 A170,170RC RECTIFIER 
45195 PWR TRAN D45H10 1171 A170,170RD RECTIFIER 
470PB*" IR_ SCR €390/C391 93 A170,170RM RECTIFIER 
4N25 GE OPTO COUPL 531 A170,170RN RECTIFIER 
4N25A GE OPTO COUPL 531 A170,170RP RECTIFIER 
4N26 GE OPTO COUPL 531 AN77,177RA RECTIFIER 
4N27 GE OPTO COUPL 531 A177,17 7 RPC RECTIFIER 
4N28 GE OPTO COUPL 531 A177,177RB RECTIFIER 
4N29 GE OPTO COUPL 533 A177,177RC RECTIFIER 
4N29A GE OPTO COUPL 533 A177,17 7 RPE RECTIFIER 
4N30 GE OPTO COUPL 533 A177,177RS RECTIFIER 
4N31 GE OPTO COUPL 533 A177,177RM RECTIFIER 
4N32 GE OPTO COUPL 533 A177,177RN RECTIFIER 
4N32A GE OPTO COUPL 533 A177,177 RE RECTIFIER 
4N33 GE OPTO COUPL 533 A177,177RP RECTIFIER 
4N35 GE  OPTO COUPL 535 A177,177R0 RECTIFIER 
4N36 GE OPTO COUPL 535 A177,177 RPA RECTIFIER 
4N37 GE OPTO COUPL 535 A177,177RPB RECTIFIER 
4N38 GE OPTO COUPL 539 A177,177R8P0 RECTIFIER 
4N38A GE OPTO COUPL 539 A177,177RT RECTIFIER 
4N39 GE  OPTO COUPL 541 A180,180RA RECTIFIER 
4N40 GE OPTO COUPL 541 A180,180RN RECTIFIER 
500PBQ°" IR SCR C397 958 A180,180RP RECTIFIER 
501PBQ"" IR SCR C398 958 A180,180RD RECTIFIER 
5ORCS** IR SCR C150 818 A180,180RB RECTIFIER 
550PBQ"" IR SCR C444 976 A180,180RC RECTIFIER 
550PB*" IR SCR €390/C391 936 A180,180RPD RECTIFIER 
5RC10A IR SCR C11A 322 A180, 180RPE RECTIFIER 
5RC20A ik SCR C11B 322 A180,180RS RECTIFIER 
5RC30A IR SCR C11C 322 A180,180RPA RECTIFIER 
5RC40A IR SCR C11D 322 A180,180RT RECTIFIER 
SRCSOA IR SCR C1iE 322 A180,180RPB RECTIFIER 
SRC6OA IR SCR C11M 322 A180,180RM RECTIFIER 
600PB"* IR_ SCR C602 1005 A180,180RE RECTIFIER 
65 1PDB**L IR RECTIFIER A437 603 A180, 180RPC RECTIFIER 
700PK** IR SCR €450/C451 CF A187,187RN RECTIFIER 
71RA** IR SCR C150 818 A187,187RM RECTIFIER 
71RB** (R_—-SCR C150 818 A187,187RE RECTIFIER 
71RC** IR SCR C150 818 A187,187RD RECTIFIER 
71REH"* IR SCR c50 818 A187,187RC RECTIFIER 
7272 PWR TRAN D40E7 1109 A187,187RS RECTIFIER 
7372 PWR TRAN D40E7 1109 A187,187RT RECTIFIER 
7472 PWR TRAN D40E7 1109 A187,187RA RECTIFIER 
750PB"* IR SCR C440/C441 966 A187,187RB RECTIFIER 
801PDB"* 1R RECTIFIER A540/A696 610 A187,187RP RECTIFIER 
801PDB""B IR RECTIFIER A430 600 A187,187RPA RECTIFIER 
81RLB** IR SCR C158 830 A187,187RPC RECTIFIER 
81RM"* IR SCR C165 838 A187,187RPB RECTIFIER 
8272 PWR TRAN D40E7 1109 A187,187RPD RECTIFIER 
850PK’* IR SCR 450/C451 CF A187,187RPE RECTIFIER 
900PB"* IR SCR C440 966 A19013 RECTIFIER 
91RM"* IR. SCR C164 838 A19015 RECTIFIER 
Al4A GE RECTIFIER 547 A190,190RPE RECTIFIER 
A1ac GE RECTIFIER 547 A190,190RT RECTIFIER 
Al4E GE RECTIFIER 547 A190, 190RN RECTIFIER 
AGF GE RECTIFIER 547 A190,190RP RECTIFIER 
A14P GE RECTIFIER 290 A190,190RPA RECTIFIER 
Al4U GE RECTIFIER 547 A190,190RPD RECTIFIER 
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Suggested GE 
Replacement 


A190,190RS GE —- RECTIFIER 241 A397N RECTIFIER 

A190,190RA GE RECTIFIER 241 A397P GE —- RECTIFIER 596 
A190,190RB GE = RECTIFIER 241 A397PA GE —- RECTIFIER 596 
4190,190RC GE RECTIFIER 241 A397PB GE RECTIFIER 596 
A4190,190RPB GE RECTIFIER 241 A397PC GE RECTIFIER 596 
A190, 190RPC GE RECTIFIER 241 A397PD GE —- RECTIFIER 596 
A190,190RE GE RECTIFIER 241 A397PE GE ——- RECTIFIER 596 
A190,190RM GE —- RECTIFIER 241 A397S GE —- RECTIFIER 596 
A190,190RD GE —- RECTIFIER 241 A397T GE RECTIFIER 596 
A197,197RB GE RECTIFIER 588 A40A, A41A GE —— RECTIFIER 230 
A197,197RT GE RECTIFIER 588 A40B, A41B GE RECTIFIER 230 
A197,197RA GE —- RECTIFIER 588 A40C, A41C GE —- RECTIFIER 230 
A197,197RPD GE RECTIFIER 588 A40D, A41D GE RECTIFIER 230 
A197,197RP GE RECTIFIER 588 A40E, A4IE GE RECTIFIER 230 
A197,197RPE GE RECTIFIER 588 A4OF, A41F GE RECTIFIER 230 
A197,197RS GE RECTIFIER 588 A40M, A41M GE RECTIFIER 230 
A197,197RC GE = RECTIFIER 588 A430E GE —- RECTIFIER 600 
A197,197RD GE RECTIFIER 588 A430M GE RECTIFIER 600 
A197,197RE GE RECTIFIER 588 A430N GE RECTIFIER 600 
A197,197RM GE —- RECTIFIER 588 A430P GE RECTIFIER 600 
A197,197RN GE —s- RECTIFIER 588 A430PA GE = RECTIFIER 600 
A197,197RPA GE RECTIFIER 588 A430PB GE RECTIFIER 600 
A197,197RPB GE RECTIFIER 588 A430PC GE RECTIFIER 600 
A197,197RPC GE RECTIFIER 588 A430PD GE RECTIFIER 600 
A2011 GE RECTIFIER 625 A430PE GE RECTIFIER 600 
A202 PWR TRAN 044C1 1147 A430PM GE —- RECTIFIER 600 
A203 PWR TRAN D40E1 1109 A430PS GE = RECTIFIER 600 
A208 PWR TRAN D44C2 1147 A430S GE RECTIFIER 600 
A210 PWR TRAN D40E1 1109 A430T GE RECTIFIER 600 
A211 PWR TRAN D40E1 1109 A437E GE RECTIFIER 603 
A245 PWR TRAN 040E1 1109 A437M GE —- RECTIFIER 603 
A246 PWR TRAN D40E1 1109 A437N GE = RECTIFIER 603 
A247 PWR TRAN D40E1 1109 A437P GE RECTIFIER 603 
A2511 GE RECTIFIER 631 A437PA GE RECTIFIER 603 
A253 PWR TRAN 042C2 1135 A437PB GE —- RECTIFIER 603 
A27BR1200 GE HI-REL REC CF A437PC GE RECTIFIER 603 
A27DR1200 GE —_-Hi-REL REC CF A437PD GE —- RECTIFIER 603 
A27DR521A GE HI-REL REC CF A437PE GE = RECTIFIER 603 
A27DR521A GE HI-REL REC CF A437S GE —- RECTIFIER 603 
A27DR521B GE —-HI-REL REC CF A437T GE RECTIFIER 603 
A270R521B GE ——-HI-REL REC CF A44A, AABA GE —— RECTIFIER 555 
A27DR521M GE HI-REL REC CF A44B, A45B GE = RECTIFIER 555 
A27DR521M GE HI-REL REC CF A4AC, A45C GE RECTIFIER 555 
A27MR 1200 GE —s-HI-REL REC CF A44D, A450 GE —- RECTIFIER 555 
A270 PWR TRAN D40E5 1109 A44E, A45E GE RECTIFIER 555 
A271 PWR TRAN 042C5 1135 A44F, A45F GE = RECTIFIER 555 
A272 PWR TRAN D44Cc4 1147 A44M, A45M GE ——- RECTIFIER 555 
A273 PWR TRAN D44C1 1147 ASOOL GE RECTIFIER 607 
A275 PWR TRAN D42C2 1135 ASOOLA GE RECTIFIER 607 
A276 PWR TRAN D44C3 1147 ASOOLB GE RECTIFIER 607 
A277 PWR TRAN 044C1 1147 AS5O0LC GE RECTIFIER 607 
A278 PWR TRAN O040N1 1117 A500LD GE —- RECTIFIER 607 
A279 PWR TRAN D40N1 117 AS5OOLE GE —s- RECTIFIER 607 
A28A, A29A GE RECTIFIER 551 ASOOLM GE RECTIFIER 607 
A28BR1200 GE HI-REL REC CF AS500LN GE RECTIFIER 607 
A28BR1201 GE —_-HI-REL REC CF ASOOLP GE RECTIFIER 607 
A28B, A29B GE RECTIFIER 551 ASOOLS GE —— RECTIFIER 607 
A28C, A29C GE RECTIFIER 551 ASOOLT GE ——- RECTIFIER 607 
A28DR1200 GE HI-REL REC CF ASOOPE GE RECTIFIER 607 
A28DR1201 GE —-HI-REL REC CF A500PM GE —- RECTIFIER 607 
A28D, A290 GE RECTIFIER 551 AS5OOPN GE RECTIFIER 607 
A28F, A29F GE —- RECTIFIER 551 ASOOPS GE = RECTIFIER 607 
A3512 GE RECTIFIER 637 ASOOPT GE RECTIFIER 607 
A38BR1200 GE HI-REL REC CF AS40D GE RECTIFIER 610 
A38BR1202 GE —_HI-REL REC CF AS40E GE RECTIFIER 610 | 
A38DRO19A GE —HI-REL REC CF A540L GE RECTIFIER 610 
A38DRO19A GE ——-HI-REL REC CF AS40LA GE ——- RECTIFIER 610 
A38DRO19B GE HI-REL REC CF AS40LB GE = RECTIFIER 610 
A38DRO19B GE ——-HI-REL REC CF AS4OLC GE RECTIFIER 610 
A38DRO19M GE ——HI-REL REC CF AS40LD GE RECTIFIER 610 | 
A38DRO19M GE —-HI-REL REC CF A540M GE —- RECTIFIER 610 | 
A38DR1200 GE HI-REL REC CF AS40N GE ~—s RECTIFIER 610 
A38DR1202 GE HI-REL REC CF AS40P GE —- RECTIFIER 610 
A38MR1200 GE HI-REL REC CF AS40PA GE RECTIFIER 610 
A390M GE —- RECTIFIER 592 A540PB GE RECTIFIER 610 
A390N GE —s- RECTIFIER 592 A540PC GE —- RECTIFIER 610 
A390P GE RECTIFIER 592 AS40PD GE RECTIFIER 610 
A390PA GE ——- RECTIFIER 592 A540PE GE RECTIFIER 610 
A390PB GE RECTIFIER 592 A540PM GE —- RECTIFIER 610 
A390PC GE RECTIFIER 592 A540PN GE RECTIFIER 610 
A390PD GE RECTIFIER 592 AS40PS GE = RECTIFIER 610 | 
A390PE GE RECTIFIER 592 AS40PT GE = RECTIFIER 610 
A390S GE —_—- RECTIFIER 592 AS40S GE —- RECTIFIER 610 
A390T GE RECTIFIER 592 A540T GE RECTIFIER 610 
A397A GE RECTIFIER 596 A570A GE RECTIFIER 613 
A397B GE RECTIFIER 596 AS70B GE = RECTIFIER 613 
A397C GE = RECTIFIER 596 A570C GE —- RECTIFIER 613 
A397D GE RECTIFIER 596 A570D GE RECTIFIER 613 
A397E GE RECTIFIER 596 AS70E GE — RECTIFIER 613 
A397M GE —- RECTIFIER 596 AS70M RECTIFIER 
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A596M RECTIFIER B3585 PWR TRAN 044C5 1147 
ASSEN GE RECTIFIER B3586 PWR TRAN D44C8 1147 
ASOG6P GE RECTIFIER B3588 PWR TRAN D44C6 1147 
A5QEPA GE RECTIFIER B3589 PWR TRAN D44c8 1147 
AS96PB GE —- RECTIFIER B3606 PWR TRAN 042C3 1135 
AS96PC GE RECTIFIER B3607 PWR TRAN 042C6 1135 
A596PD GE RECTIFIER B3608 PWR TRAN D42c8 1135 
A596S GE RECTIFIER B3609 PWR TRAN D42C3 1135 
AS96T GE RECTIFIER B3610 PWR TRAN D42C6 1135 
AB40L GE —- RECTIFIER B3611 PWR TRAN 042C8 1136 
A640P GE RECTIFIER B3612 PWR TRAN D42C3 1135 
AG40PA GE —- RECTIFIER 83613 PWR TRAN D42C6 1135 
A640PB GE RECTIFIER B3614 PWR TRAN 042C8 1135 
AG40PC GE RECTIFIER 83747 PWR TRAN D40E1 1109 
AB40PD GE RECTIFIER B3748 PWR TRAN D40E1 1109 
AG40PE GE RECTIFIER B3750 PWR TRAN 042C6 1135 
A640PM GE RECTIFIER B5001 PWR TRAN D44C5 1147 
AG40PN GE —— RECTIFIER B5002 PWR TRAN D44C8 1147 
A640PS GE RECTIFIER B5021 PWR TRAN D44C5 1147 
A640PT GE RECTIFIER B5022 PWR TRAN D44C8 1147 
AG640T GE RECTIFIER B5031 PWR TRAN D44C6 1147 
A696 GE RECTIFIER B5032 PWR TRAN 044C8 1147 
A7011 GE = RECTIFIER BC119 PWR TRAN D40E5 1109 
A7012 GE RECTIFIER BC120 PWR TRAN D40E5 1109 
A7013 GE RECTIFIER BC140 PWR TRAN D40E5 1109 
AT014 GE = RECTIFIER BC 140C PWR TRAN D40E5 1109 
A70,A71S GE RECTIFIER BC140D PWR TRAN 040E7 1109 
A70,A71T GE RECTIFIER BC141 PWR TRAN D40E7 1109 
AT2,A73A GE SCR BC142 PWR TRAN D40E7 1109 
A72,A738 GE SCR BC160 PWR TRAN D40E7 1109 
AT2,A73C GE SCR 8C161 PWR TRAN D4i1E7 1129 
A72,A73D GE SCR BC286 PWR TRAN D40E7 1109 
A72,A73E GE SCR BC287 PWR TRAN D41E7 1129 
A72,AT3M GE SCR BC301 PWR TRAN 040E7 1109 
A72,A7T3N GE SCR BC312 PWR TRAN D44R1 1169 
A72,A73P GE SCR BC313 PWR TRAN D40E5 1109 
AT2,A73PA GE SCR BD106 PWR TRAN D42C4 1135 
A72,A73PB GE SCR BD107 PWR TRAN D42C1 1135 
A72,A73S GE SCR 8D109 PWR TRAN 044C5 1147 
A72,A73T GE SCR BD112 PWR TRAN D44cé 1147 
A7811055 GE GE-MOV HDW BO115 PWR TRAN D44R1 1159 
AC130V GE GE MOV BD124 PWR TRAN D44c5 1147 
AC14V GE GEMOV BD127 PWR TRAN D44R4 1159 
AC250V GE GE MOV BD131 PWR TRAN 044C5 1147 
AC28V GE GE MOV BD135 PWR TRAN D42C5 1135 
AC42V GE GEMOV BD136 PWR TRAN 043C€5 1143 
AC56V GE GEMOV BD137 PWR TRAN D42C7 1135 
AT470 PWR TRAN 1109 BD138 PWR TRAN D43C7 4143 
AT471 PWR TRAN 1109 BD145 PWR TRAN D44C8 1147 
AT473 PWR TRAN 1109 BD162 PWR TRAN 044C7 1147 
AT476 PWR TRAN 1109 BD163 PWR TRAN D44c6 1147 
AT477 PWR TRAN 1109 BD1,2,4 GE TUNNEL DIO 651 

B143000 PWR TRAN 1135 BD220 PWR TRAN D44C11 1147 
B143001 PWR TRAN 1135 BD221 PWR TRAN D44C6 1147 
B 143003 PWR TRAN 1135 BD222 PWR TRAN D44C9 1147 
B143004 PWR TRAN 1135 BD223 PWR TRAN D45C11 1163 
B143009 PWR TRAN 1135 BD224 PWR TRAN D45C6 1163 
B143010 PWR TRAN 1135 BD225 PWR TRAN D45C9 1163 
B143011 PWR TRAN 1135 BD3 GE TUNNEL DIO 651 

B143012 PWR TRAN 1136 BD402,3,4,5,6,7 GE TUN DIODE CF 

B143015 PWR TRAN 1135 BD5,6,7 GE TUNNEL DIO 451 

B143016 PWR TRAN 1135 BDY12 PWR TRAN D44Ccé6 1147 
B143018 PWR TRAN 1135 BOY13 PWR TRAN D44C8 1147 
B143019 PWR TRAN 1135 BDY15A PWR TRAN 042C8 1135 
B143024 PWR TRAN 1135 BDY16A PWR TRAN 042C8 1135 
B143025 PWR TRAN 1135 BDY34 PWR TRAN 042C5 1135 
B143026 PWR TRAN 1135 BDY60 PWR TRAN 044C8 1147 
B143027 PWR TRAN 1135 BDY61 PWR TRAN D44C8 1147 
B3465 PWR TRAN 1109 BOY62 PWR TRAN D44C6 1147 
B3466 PWR TRAN 1109 BF108 PWR TRAN D44R1 1159 
B3531 PWR TRAN 1109 BF109 PWR TRAN D40N1 1117 
B3533 PWR TRAN 1109 BF118 PWR TRAN D40N1 1117 
B3537 PWR TRAN 1135 BF156 PWR TRAN D44R1 1159 
B3538 PWR TRAN 1109 BF157 PWR TRAN D44R1 1169 
B3539 PWR TRAN 1109 BF174 PWR TRAN D40N1 1117 
B3540 PWR TRAN 1109 BFI79A PWR TRAN D40N1 1117 
B3541 PWR TRAN 1109 BF179B PWR TRAN O40N1 WWI7 
B3542 PWR TRAN 1109 BF179C PWR TRAN O40N1 1117 
B3543 PWR TRAN 1109 BF257 PWR TRAN D40N1 W117 
B3544 PWR TRAN 1109 BF258 PWR TRAN D40N1 VWVA17 
B3547 PWR TRAN 1147 BF259 PWR TRAN D40N3 1117 
B3548 PWR TRAN 1147 BF292A PWR TRAN D40N1 117 
B3550 PWR TRAN 1147 BF292B PWR TRAN D40N1 1117 
B3551 PWR TRAN 1147 BF292C PWR TRAN D40N1 WW17 
B3570 PWR TRAN 1135 BF294 PWR TRAN O40N2 1117 
B3576 PWR TRAN 1135 BFS23 PWR TRAN D42C1 1135 
B3577 PWR TRAN 1147 BFS50 PWR TRAN D40Et 1109 
B3578 PWR TRAN 1147 BFS51 PWR TRAN O40E1 1109 
B3580 PWR TRAN 1147 BFX38 PWR TRAN D41ES 1129 
B3584 PWR TRAN 1147 BFX39 PWR TRAN D41E5 1129 
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BFX69 PWR TRAN BSX62 PWR TRAN 
BEX69A PWR TRAN BSX63 PWR TRAN 
BFX84 PWR TRAN BSX91 PWR TRAN 
BFX85 PWR TRAN BSX92 PWR TRAN 
BFX86 PWR TRAN BT101-300R PHIN SCR C231CX211 
BFX96 PWR TRAN BT101-500R PHIN SCR C231EX211 CF 
BFX96A PWR TRAN BT102-300R PHIN SCR C230CX211 CF 
BFX97 PWR TRAN BT102-500R PHIN SCR C230EX211 CF 
BFX98 PWR TRAN 1 BTI06A PHIM SCR 
BFY40 PWR TRAN 1 BT106B PHIN SCR 
BFY41 PWR TRAN 1 BTI06C PHIN SCR 
BFY43 PWR TRAN 1 BT106D PHIN SCR 
BFY44 PWR TRAN 1 BTDO105 TEC TRIAC 
BFY51 PWR TRAN 1 BTD0110 TEC TRIAC 
BFY53 PWR TRAN D40E1 1109 BTDO120 TEC TRIAC 
BFY56 PWR TRAN D40E5 1109 BT00140 TEC TRIAC 
BFY57 PWR TRAN D40N1 1117 BTD0305 TEC TRIAC 
BFY70 PWR TRAN D40E5 1109 BTD0310 TEC TRIAC 
BFY72 PWR TRAN D40E5 1109 BTD0320 TEC TRIAC 
BLY12 PWR TRAN D44C3 1147 BTD0340 TEC TRIAC 
BLY15A PWR TRAN D42C8 1135 BTLO810 TEC TRIAC 
BLY20 PWR TRAN 042C1 1135 BTROGOS TEC TRIAC 
BLY21 PWR TRAN D42¢8 1135 BTRO610 TEC TRIAC 
BLY33 PWR TRAN D40E1 1109 BTRO620 TEC TRIAC 
BLY34 PWR TRAN D40E1 1109 BTRO640 TEC TRIAC 
BLY35 PWR TRAN D44C1 1147 BTRO660 TEC TRIAC 
BLY36 PWR TRAN D44C1 1147 BTR1005 TEC TRIAC 
BLY37 PWR TRAN 042C5 1135 BTR1010 TEC TRIAC 
BLY38 PWR TRAN D40E1 1109 BTR1020 TEC TRIAC 
BLY53 PWR TRAN D42C2 1135 BTR1040 TEC TRIAC 
BLY61 PWR TRAN DAQE1 1109 BTR1060 TEC TRIAC 
BLY62 PWR TRAN D42¢1 41135 BTSO605 TEC TRIAC 
BLY63 PWR TRAN D44C1 1147 BTS0610 TEC TRIAC 
BLY78 PWR TRAN D40Et 1109 BTS0620 TEC TRIAC 
BLY79 PWR TRAN D44Cc1 1147 BTSO640 TEC TRIAC 
BLY88 PWR TRAN D44C3 1147 BTSO660 TEC TRIAC 
BLY89 PWR TRAN 1 BTS 1005 TEC TRIAC 
BLY91 PWR TRAN BTS1010 TEC TRIAC 
BLY92 PWR TRAN BTS1020 TEC TRIAC 
BLY93 PWR TRAN BTS 1040 TEC TRIAC 
BPW38 GE OPTO DET CF BTS 1060 TEC TRIAC 
BR-100B PWR TRAN BTS 1605 TEC TRIAC 
BR-101B PWR TRAN BTS1610 TEC TRIAC 
BS10-01A BBC TRIAC BTS 1620 TEC TRIAC 
BS10-02A BBC TRIAC BTS 1640 TEC TRIAC 
BS10-03A BBC TRIAC BTS 1660 TEC TRIAC 
BS10-04A BBC TRIAC BTS2505 TEC TRIAC 
BS10-05A BBC TRIAC BTS2510 TEC TRIAC 
BS 10-06A BBC TRIAC BTS2520 TEC TRIAC 
BS6-01A BBC TRIAC BTS2540 TEC TRIAC 
BS6-01E BBC TRIAC BTS2560 TEC TRIAC 
BS6.02A BBC TRIAC BTU0505 TEC TRIAC 
BS6-02E BBC TRIAC BTUO5 10 TEC TRIAC 
BS6-03A BBC TRIAC BTU0520 TEC TRIAC 
BS6.03E BBC TRIAC BTU0530 TEC TRIAC 
BS6-04A BBC TRIAC BTU0540 TEC TRIAC 
BS6-04E BBC TRIAC BTUO550 TEC TRIAC 
BS6-05A BBC TRIAC BTUO560 TEC TRIAC 
BS6-05E BBC TRIAC BTUOQ605 TEC TRIAC 
BS6-06A BBC TRIAC BTU0610 TEC TRIAC 
BS6-06E BBC TRIAC BTU0620 TEC TRIAC 
BS7-02A BBC TRIAC BTU0640 TEC TRIAC 
BS7-04A BBC TRIAC BTUO660 TEC TRIAC 
BS7-05A BBC TRIAC BTU 1005 TEC TRIAC 
BS8-01A BBC TRIAC BTU1010 TEC TRIAC 
BS8-02A BBC TRIAC BTU 1020 TEC TRIAC 
BS8-03A BBC TRIAC BTU1040 TEC TRIAC 
BS8-04A BBC TRIAC BTU 1060 TEC TRIAC 
BS8-05A BBC TRIAC BTU1605 TEC TRIAC 
BS8-06A BBC TRIAC BTU 1610 TEC TRIAC 
BS9-02A BBC TRIAC BTU 1620 TEC TRIAC 
BS9-04A BBC TRIAC BTU 1640 TEC TRIAC 
BS9-05A BBC TRIAC BTU 1660 TEC TRIAC 
BSV16 PWR TRAN BTU2505 TEC TRIAC 
BSV60 PWR TRAN BTU2510 TEC TRIAC 
BSW28 PWR TRAN BTU2520 TEC TRIAC 
BSW29 PWR TRAN BTU2540 TEC TRIAC 
BSW66 PWR TRAN BTU2560 TEC TRIAC 
BSW67 PWR TRAN BTW30-300RM PHIN SCR 
BSW68 PWR TRAN BTW30-400RM PHIN SCR 
BSX22 PWR TRAN BTW30-500RM PHIN SCR 
BSX30 PWR TRAN BTW30-600RM PHIN SCR 
BSX32 PWR TRAN BTW30-800RM PHIN SCR 
BSX46 PWR TRAN BTW31-300RM PHIN SCR 
BSX48 PWR TRAN BTW31-400RM PHIN SCR 
BSX49 PWR TRAN BTW31-500RM PHIN SCR 
BSX58 PWR TRAN BTW31-600RM PHIN SCR 
BSX59 PWR TRAN BTW31-800RM PHIN SCR 
BSX60 PWR TRAN BTX0605 TEC TRIAC 
BSX61 PWR TRAN BTX0610 TRIAC 
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BTX0620 TEC TRIAC $C240B2 1393 
BTX0640 TEC TRIAC $C240D2 1393 
BTX0660 TEC TRIAC $C240M2 1393 
BTX 1005 TEC TRIAC SC245B2 1393 
BTX1010 TEC TRIAC $C245B2 1393 
BTX 1020 TEC TRIAC $C245B2 1393 
BTX1040 TEC TRIAC $C245D2 1393 
8TX1060 TEC TRIAC SC245M2 1393 
BTX 1605 TEC TRIAC $C250B2 1393 
BTX1610 TEC TRIAC $C250B2 1393 
BTX1620 TEC TRIAC $C250B2 1393 
BTX1640 TEC TRIAC $C250D2 1393 
BTX1660 TEC TRIAC SC250M2 1393 
BTX2505 TEC TRIAC SC260B2 1393 
BTX2510 TEC TRIAC $C260B2 1393 
BTX2520 TEC TRIAC $C26082 1393 
BTX2540 TEC TRIAC $C260D2 1393 
BTX2560 TEC TRIAC $C260M2 1393 
BTX94-100 PHIN TRIAC $C260B 1393 
BTX94-200 PHIN TRIAC $C260B 1393 
BTX94-300 PHIN TRIAC $C260D 1393 €137ER1200 GE -HI-REL SCR 
BTX94-400 PHIN TRIAC $C260D 1393 C137M GE SCR 7711 
BTX94-500 PHIN TRIAC SC260E 1393 C137MR1200 GE —_-HI-REL SCR CF 
BTX94-600 PHIN TRIAC SC260M 1393 C137N GE SCR 771 
BUY 10 PWR TRAN D44C1 1147 C137NR1200 GE -HI-REL SCR CF 
BUY 11 PWR TRAN D44C2 1147 C137P GE SCR 771 
BUY24 PWR TRAN D44C8 1147 C137PA GE SCR 771 
BUY43 PWR TRAN D44C6 1147 C137PB GE SCR 71 
BUY46 PWR TRAN D44C8 1147 €137PBR1200 GE —-HI-REL SCR CF 
C1012 GE SCR 1046 C137PR1200 GE -HI-REL SCR CF 
C103A GE SCR 716 C1378 GE SCR 771 
C103B GE SCR 716 C137T GE SCR 771 
C1030 GE SCR 716 C138E10E GE SCR 775 
C103Y GE scr 716 C138£20€ GE SCR 775 
C103YY GE SCR 716 C138M10M GE SCR 775 
C106A GE SCR 720 C138M20M GE SCR 775 
C106B GE SCR 720 C138N10M GE SCR 775 
C106C GE scr 720 C138N20M GE SCR 775 
C1060 GE SCR 720 C138S10M GE scr 775 
C106E GE SCR 720 C138S20M GE SCR 775 
C106F GE SCR 720 €139E10E GE SCR 775 
C106M GE SCR 720 C139E20E GE Scr 775 
C1060 GE SCR 720 C139M10M GE scr 775 
C106Y GE SCR 720 C139M20M GE SCR 775 
C107A GE scr 728 C139N 10M GE SCR 775 
C107B GE SCR 728 €139N10MR1200 GE -HI-REL SCR CF 
c107C GE SCR 728 C139N20M GE SCR 775 
C1070 GE SCR 728 C139S10M GE SCR 775 
C107E GE SCR 728 C139S20M GE SCR 775 
C107F GE SCR 728 C13F GE SCR 667 
107M GE SCR 728 C13Y GE SCR 667 
c1070 GE SCR 728 C140 GE SCR 783 
C107Y GE SCR 728 ci41 GE scr 783 
C108A GE SCR 733 C144E15E GE SCR 791 
C108B GE SCR 733 C144E30E GE SCR 791 
C108C GE SCR 733 C144M15M GE SCR 791 
C108D GE SCR 733 C144M30M GE scr 791 
C108E GE SCR 733 C144N15M GE SCR 791 
C108F GE SCR 733 C144N30M GE SCR 791 
C108M GE SCR 733 C144S15M GE SCR 791 
C1080 GE SCR 733 C144S30M GE SCR 791 
C108Y GE SCR 733 C147A GE scr 799 
C10 GE SCR 663 C147B GE SCR 799 
C10AR1200 GE —_-HI-REL SCR CF €147C GE SCR 799 
C10BR1200 GE —-HI-REL SCR CF C1470 GE SCR 799 
C10DR1200 GE —_-HI-REL SCR CF C147E GE scr 799 
C1112 GE SCR 1046 C147M GE SCR 799 
C116A1 GE SCR 741 C147N GE SCR 799 
C116B1 GE SCR 741 C147P GE SCR 799 
C116D1 GE SCR 741 C147PA GE SCR 799 
C116E1 GE SCR 741 C147PB GE scr 799 
Cti6Ft GE SCR 741 C1478 GE SCR 799 
C116M1 GE SCR 741 C147T GE SCR 799 
cit GE SCR 322 C148M30 GE SCR 803 
C11AR1200 GE -HI-REL SCR CF C148M40 GE SCR 803 
C11BR1200 GE —_-HI-REL SCR CF C148N30 GE scr 803 
C11DR1200 GE —-HI-REL SCR CF C148N40 GE SCR 803 
C1212 GE SCR 1046 C148P30 GE SCR 803 
C122A1 GE SCR 747 C148P40 GE SCR 803 
C122B1 GE SCR 747 C148PA30 GE SCR 803 
€122C1 GE SCR 747 C148PA40 GE SCR 803 
€12201 GE SCR 747 C148PB30 GE SCR 803 
C122E1 GE SCR 747 C148PB40 GE SCR 803 
C122F1 GE SCR 741 C148S30 GE SCR 803 
C122M1 GE SCR 747 C148S40 GE SCR 803 
C123A GE SCR 755 C148T30 GE SCR 803 
C1238 GE SCR 755 C148T40 GE SCR 803 
C123C GE SCR 755 C149A10 GE SCR 811 
€123D GE SCR 755 C149A20 GE SCR 811 
C123E GE SCR 755 C149B10 
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C149B20 GE SCR 811 
C149C10 GE SCR 811 
C149C20 GE SCR 811 
C149010 GE SCR 811 
C149020 GE SCR 811 
C149E10 GE SCR 811 
C149E20 GE SCR 811 
C149M10 GE SCR 811 
C149M20 GE SCR 811 
C150, C152P GE SCR 818 
C150,C152M GE SCR 818 
C150, C152N GE SCR 818 
C150, C152PA GE SCR 818 
C150, C152PB GE SCR 818 
C150, C152PC GE SCR 818 
C150, C1525 GE SCR 818 
C150, C152T GE SCR 818 
C150, C152E GE SCR 818 
C154, C156A GE SCR 823 
C184, C156C GE SCR 823 
C154, C1568 GE SCR 823 
C154, C1560 GE SCR 823 
C154, C156E GE SCR 823 
C155, C157B GE SCR 823 
C155, C157C GE SCR 823 
C155, C157D GE SCR 823 
C155, C1i57M GE SCR 823 
C155, C1S7A GE SCR 823 
C155, CIS7E GE SCR 823 
C158,159E GE SCR 830 
C158,159M GE SCR 830 
C188,159N GE SCR 830 
C158, 159PA GE = SCR 830 
C158,159PB GE SCR 830 
C158,159P GE SCR 830 
C158,159S GE SCR 830 
C158,159T GE SCR 830 
C15A GE SCR 671 
C15B GE SCR 671 
C15C GE SCR 671 
C150 GE SCR 671 
C15E GE SCR 671 
C15F GE SCR 671 
C15G GE SCR 671 
Ci5M GE SCR 671 
Ct5U GE SCR 671 
C164A GE SCR 838 
C1648 GE SCR 838 
C164C GE SCR 838 
C1640 GE SCR 838 
C164E GE SCR 838 
C164M GE SCR 838 
C165A GE SCR 838 
C165B GE SCR 838 
C165C GE SCR 838 
C165D GE SCR 838 
C165E GE SCR 838 
C165M GE SCR 838 
C165N GE SCR 838 
C165S GE SCR 838 
C180A GE SCR 842 
C1808 GE SCR 842 
Ct80C GE SCR 842 
C1800 GE SCR 842 
C180E GE SCR 842 
C180M GE SCR 842 
C180N GE SCR 842 
C180P GE SCR 842 
C180PA GE SCR 842 
C180PB GE SCR 842 
C180PC GE SCR 842 
C180S GE SCR 842 
C180T GE SCR 842 
C 180X500 GE =SCR 847 
C184A GE SCR 851 
C184B GE SCR 851 
C184C GE SCR 851 
C1840 GE SCR 851 
C184E GE SCR 851 
C184M GE SCR 851 
C185A GE SCR 851 
C1858 GE SCR 851 
C186C GE SCR 851 
C185D GE SCR 851 
C185E GE SCR 851 
C185M GE SCR 851 
C185N GE SCR 851 
C185S GE SCR 851 
C186N GE SCR CF 
C186P 
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GE 


C358P 


C358PA GE SCR 898 
C358PB GE SCR 898 
C358S GE SCR 898 


C358T GE SCR 898 
C35A GE SCR 675 
C35AR1200 GE HI-REL SCR CF 
C35B GE R 675 
C35BR1200 GE HI-REL SCR CF 
C35C GE SCR 675 
C35D GE SCR 675 
C350R1200 GE —-HI-REL SCR CF 
C35E GE SCR 675 
C35ER1200 GE HI-REL SCR CF 
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C35F 
C35G 
C35 


C35M 
C35MR1200 
C35S 

C35U 
C364A 


C364B 
C364C 


C364D 
C364E 
C364M 
C365A 


C380PA 
C380PB 


C3BOPC 
C380S 


C380T 
C380X500 
C384A 
C384B 
C384C 
C3840 


C384E 
C384M 


C385A 
C385B 
C385C 
C3850 
C385E 
C385M 
C385N 
C385S 
C386N 
C386P 


C386PA 
C386PB 
C3868 
C386T 
C387E 
C387M 
C387N 
C387P 
C387PA 
C387PB 


C3878 
C387T 
C388E 
C388M 
C388N 
C388P 
C388PA 
C388PB 
C388S 
C388T 


C38A 


C38B 
C38BR1200 
C38C 


C38D 
C38DR1200 
C3BE 


24 


SCR 
SCR 
SCR 


SCR 
HI-REL SCR 
SCR 


SCR 
HI-REL SCR 
SCR 


SCR 
HI-REL SCR 
SCR 


OOCooo Ooovocsoo 
Noss s sass 
mPWNDN NNNHYNNNY 


C390M 
C390N 
C390P 
C390PA 
C390PB 
C390PC 
C3908 
C390T 


C391PC 
C391PD 
C39 1PE 
C391PM 
C391PN 


C440PA 
C440PB 
C440S 
C440T 
C441PB 
C441PC 
C441PD 
C441PE 
C441PM 
C441PN 


C441PS 
C444A 
C444B 
C444C 
C4440 
C444E 
C444M 
C445A 
C445B 
C445C 


C38HR1200 
C38U 


GE 


HI-REL SCR 


ScR 


D40E5 
040E7 
D40E5 


Suggested GE 
Replacement 


ce] Tove [Pave 
CF 


1109 
1109 
1109 


Type Mfg.| Prod.Line | Page| Type 
C4450 GE SCR 976 
C445E GE SCR 976 
C445M GE SCR 976 
C445S GE SCR 976 
C447N GE SCR 982 
C447P GE SCR 982 
C447PA GE SCR 982 
C447PB GE SCR 982 
C4478 GE SCR 982 
C447T GE SCR 982 
C448N GE SCR 982 
C44gP GE Scr 982 
C448PA GE SCR 982 
C448PB GE SCR 982 
C448S GE SCR 982 
C448T GE SCR 982 
C449 GE SCR 990 
C450 GE SCR CF 
C45,46B GE SCR 689 
C45,46C GE SCR 689 
C45,46D GE SCR 689 
C45,46E GE SCR 689 
C45,46F GE SCR 689 
C45,46G6 GE SCR 689 
C45,46H GE SCR 689 
C45,46M GE SCR 689 
C45,46N GE SCR 689 
C45,46P GE SCR 689 
C45,46PA GE SCR 689 
C45,46PB GE SCR 689 
C45,46S GE scr 689 
C45,46T GE SCR 689 
C45,46U GE SCR 689 
C48 GE SCR 694 
C49 GE SCR 701 
C5O1L GE SCR 993 
C501PC GE SCR 993 
C501PD GE SCR 993 
C501PE GE SCR 993 
C501PM GE SCR 993 
C501PN GE SCR 993 
C501PS GE SCR 993 
C501PT GE SCR 993 
G502L GE SCR 999 
C502LA GE SCR 999 
C502PT GE SCR 999 
€50,52E GE SCR 707 
€50,52M GE SCR 707 
C50,52N GE SCR 707 
C50,52P GE SCR 707 
C50,52PA GE SCR 707 
C50,52PB GE SCR 707 
C50,52S GE SCR 707 
C50,52T GE SCR 707 
C511A GE SCR 653 
C511B GE SCR 653 
C511C GE SCR 653 
C511D GE SCR 653 
C511F GE SCR 653 
C511G GE SCR 653 
C51tH GE SCR 653 
C511U GE SCR 653 
C5 GE SCR 653 
C5AR1200 GE HI-REL SCR CF 
C5BR1200 GE -HI-REL SCR CF 
C5DR1200 GE HI-REL SCR CF 
C600N GE SCR CF 
C600P GE SCR CF 
C6OOPA GE SCR CF 
C600PB GE SCR CF 
C600PC GE SCR CF 
c600S GE SCR CF 
C600T GE SCR CF 
C601L GE Scr CF 
C601PB GE SCR CF 
C601PC GE SCR CF 
C601PD GE SCR CF 
C601PE GE SCR CF 
C601PM GE SCR CF 
C601PN GE SCR CF 
C601PS GE Scr CF 
C601PT GE SCR CF 
C602L GE SCR 1005 
C602LA GE SCR 1005 
C602LB GE Scr 1005 
c602LC GE SCR 1005 
C602LD GE SCR 1005 
C602LE GE SCR 1005 
C602LM GE SCR 1005 
C602LN GE SCR 1005 
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Suggested GE 
Replacement 


Suggested GE Suggested GE 
Replacement Replacement 


C609T CR1-051CA 

C60 SERIES CR1-05 1CB AEIL SCR 

C611A CR1-101C AEIL SCR 

C6118 CR1-101CA AEIL SCR 

C611F GE SCR 65g CR1-101CB AEIL SCR 

C611G GE SCR 65g CR1-201C AEIL SCR 

C611U GE SCR 65g CR1-201CA AEIL SCR 

C612PC GE SCR 101q CR1-201CB AEIL SCR 

C612PD GE SCR 101q CR1-301C AEIL SCR 

C612PE GE SCR 101d CR1-301CA AEIL SCR 

C612PM GE SCR 101Q CR1-301CB AEIL SCR 

C612PN GE SCR 101g CR1-401C AEIL SCR 

C612PS GE SCR 101q CR1-401CA AEIL SCR 

C613 GE SCR 101 CR1-401CB AEIL SCR 

C62A GE SCR 71 CR20A-10 MITJ SCR 

C62B GE SCR 71 CR20A-12 MITJ SCR 

C62C GE SCR 71 CR20A-14 MITJ SCR 

C620 GE SCR 71 CR20A-16 MITJ SCR 

C62E GE SCR 71 CR20A- 1 MITJ SCR 

C62F GE SCR 71 CR20A- 2 MiTJ SCR 

C62G GE SCR 71 CR20A- 4 MITJ SCR 

C62H GE SCR 71 CR20A- 6 MITJ SCR 

C62U GE SCR 712 CR20A- 8 MITJ SCR 

C648 GE SCR 1022 CR20AY-10 MITJ SCR C144E15€ 

C6A GE SCR 659 CR20AY-12 MITJ SCR C144M15M 791 
C6B GE SCR 659 CR20AY- 2 MiTJ SCR C140A 7183 
c6C GE SCR 659 CR20AY- 4 MITJ SCR C140B 783 
c6o GE Scr 659 CR2O0AY- 6 MITJ SCR c140C 783 
C6F GE SCR 659 CR20AY- 8 MITJ SCR C1400 783 
C6G GE SCR 659 CR2AM1 MITJ SCR C106F12 720 
C6U GE SCR 659 CR2AM2 MITJ SCR C106A12 720 
C701L GE SCR 1029 CR2AM4 MITJ SCR C106B12 720 
C701PB GE SCR 1029 CR2AM6 MiTJ SCR C106C12 720 
C701PC GE SCR 1029 CR2AM8 MITJ SCR C106012 720 
C701P0 GE SCR 1029 CR3AM1 MITJ SCR C106F12 720 
C701PE GE SCR 1029 CR3AM2 MITJ SCR C106A12 720 
C701PM GE SCR 1029 CR3AM4 MITJ SCR C106B 12 720 
C701PN GE SCR 1029 CR3AM6 MITJ SCR C106C12 720 
C701PS GE SCR 1029 CR3AM8 MiTJ SCR C106D12 720 
C701PT GE SCR 1029) CR5B-10 MiTJ SCR C220E 862 
C702L GE SCR 1035 CR58-12 MITJ SCR C220M 862 
C702LA GE SCR 1035] CR5B-8 MITJ SCR C2200 862 
C7021B GE SCR 1035) CR 1157 RTN SCR C137M 

C702LC GE SCR 1035 CR 5B- 6 MITJ SCR 

C702L0 GE SCR 1035 CS10-02M CRL SCR 

C712L GE SCR 1041 CS$10-02N CRL SCR 

C712PC GE SCR 1041 CS10-05M CRL SCR 

C712P0 GE SCR 1041 CS10-05N CRL SCR 

C712PE GE SCR 1041 CS10-1M CRL SCR 

C712PM GE SCR 1041 CS$10-1N CRL SCR 

C712PN GE SCR 1041 CS10-2M CRL SCR 

C712PS GE SCR 1041 CS10-2N CRL SCR 

C712PT GE SCR 1041 CS10-3M CRL SCR 

C764 PWR TRAN D40N1 1117 C$10-3N CRL SCR 

c7 GE SCR 33 CS10-4M CRL SCR 

CL100 CLA IRLED LED56 1347 CS10-4N CRL SCR 

CLi2 CLA OPTO COUPL H11A5 1279 CS10-6M CRL SCR 

CL13 CLA OPTO COUPL 4N37 531 CS10-6N CRL SCR 

CL15 CLA OPTO COUPL H11A2 1275 CS11B WESY SCR 

CLI10 CLA OPTO COUPL H11B1 1293 cS11C WESY SCR 

CLI20 CLA OPTO COUPL Hi1A2 1275 CS110 WESB SCR 

CLIS06 CLA OPTO COUPL H11A4 1277 CS11E WESB SCR 

CLI510 CLA OPTO COUPL 4N37 531 CS11G WESB SCR 

CLI511 CLA OPTO COUPL 4N37 531 CS11H WESB SCR 

CNY17-3C GE  OPTO COUPL c CS11K WESB SCR 

CP409 PWR TRAN D40E7 1109 CS11M WESB SCR 

CQX 14-17 GE IRLED c CS 13-02 BBC SCR 

CRO121A RTN SCR C123A 755 CS 13-04 BBC SCR 

CRO121B RTN SCR C1238 755 CS 13-06 BBC SCR 

CRO1210 RTN SCR C1230 755 CS 15.906 BBC SCR C144M15M 

CROT21M RTN SCR C123M 755 C$ 15.9-04 BBC SCR C234D 880 
CRO122A RTN SCR C122A 747 C$ 16-02 BBC SCR C228BX12 CF 
CRO122B RTN SCR C122B 747 CS 16-04 BBC SCR C2280X12 CF 
CRO122D RTN SCR C1220 747 CS 16-06 BBC SCR C137M 675 
CRO122M RTN SCR C122M 747 C$ 16-08 BBC SCR C137N 675 
CR1040 RTN SCR C137PB 747 CS16-10 BBC SCR C137P 675 
CR10B-10 MITJ SCR C220E 862 C$ 16-12 BBC SCR C137PB 675 
CR10B-12 MITJ SCR C220M 862 C$20-02R CRL SCR C230UX315 CF 
CR10B- 1 MITJ SCR C220F 862 CS20-05M CRL SCR C2 

CR1OB- 2 MITJ SCR C220A 862 CS20-05N CRL SCR C230F 874 
CRIOB- 4 MITJ SCR C2208 862 CS20-05R CRL SCR C230FX315 CF 
CR10B- 6 MITJ SCR C220C 862 CS$20-1.5R CRL SCR C230BX315 CF 
CR10B- 8 MITJ SCR C220D 862 CS20-1M CRL SCR C232A 874 
CR12A-10 MITJ SCR C230E 874 CS$20-1N CRL SCR C230A 874 


CR12A-12 


C37M C$20-1R €230AX315 
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Suggested GE 
Replacement 


CS20-2.5R €230CX315 O29E1-J1 GE SIG TRAN 
CS20-2M CRL SCR C2328 029E2 GE SIG TRAN 
CS20-2N CRL SCR C230B 874 029E2-J1 GE SIG TRAN 
CS20-2R CRL SCR C230BX315 CF D29E4 GE SIG TRAN 
CS20-3R CRL SCR D29E4-J1 GE SIG TRAN 
CS20-4M CRL SCR D29E5 GE SIG TRAN 
CS20-4N CRL SCR D29E5-J1 GE SIG TRAN 
CS20-4R CRL SCR C2300X315 029E6 GE SIG TRAN 
CS20-5R CARL SCR C230EX315 CF D29E6-J1 GE SIG TRAN 
CS20-6M CRL SCR C232M 874 D29E7 GE SIG TRAN 
CS20-6N CARL SCR C230M 874 D29E7-J1 GE SIG TRAN 
CS20-6R CRL SCR C230MX315 CF D029E9 GE SIG TRAN 
CS$25-02M CRL SCR €232U 874 029E9-J1 GE SiG TRAN 
CS$25-02N CARL SCR C230U 874 D32H1 GE SIG TRAN 
CS$25-02R CRL SCR C230UX201 CF 032H2 GE SIG TRAN 
CS25-05M CRL SCR C232F 874 032H3 GE SiG TRAN 
CS25-05N CRL SCR C230F 874 D32H4 GE SIG TRAN 
CS25-05R CRL SCR C230FX201 CF 032H5 GE SIG TRAN 
CS25-1M CRL SCR C232A 874 D32H6 GE SIG TRAN 
CS25-1N CRL SCR C230A 874 D32H7 GE SIG TRAN 
CS25-1R CRL SCR C230AX201 CF D32H8 GE SIG TRAN 
CS25-2M CAL SCR C2328 874 D32H9 GE SIG TRAN 
CS25-2N CRL SCR C230B 874 032L1 GE SIG TRAN 
CS25-2R CRL SCR C230BX201 CF 032L2 GE SIG TRAN 
CS25-3R CRL SCR €230CX201 CF D32L3 GE = SIG TRAN 
CS25-4M CAL SCR C2320 874 032L4 GE SIG TRAN 
CS25-4N CRL SCR €2300 874 03215 GE SIG TRAN 
CS25-4R CRL SCR C2300X201 CF D32L6 GE SIG TRAN 
CS25-6M CRL SCR C232M 874 D32S10 GE SIG TRAN 
CS25-6N CRL SCR C230M 874 032S1 GE SIG TRAN 
CS35-02M CRL SCR C229U 868 D32S2 GE SIG TRAN 
CS35-02N CRL SCR C228uU 868 03283 GE SIG TRAN 
CS35-02R CRL SCR C228U 868 03284 GE SIG TRAN 
CS35-05M CRL SCR C229F 868 032S5 GE SIG TRAN 
CS35-05N CRL SCR C228F 868 032S6 GE SIG TRAN 
CS35-05R CRL SCR C228F 868 03287 GE SIG TRAN 
CS35-1.5R CRL SCR C2288 868 D32S8 GE SIG TRAN 
CS35-1M CRL SCR C229A 868 03289 GE SiG TRAN 
CS35-1N CRL SCR C228A 868 032V1 GE SIG TRAN 
CS35-1R CRL SCR C228A 868 032V2 GE SIG TRAN 
CS35-2.5R D32V3 GE SIG TRAN 
I. D32W10 GE SIG TRAN 
D032W12 GE SIG TRAN 

D32W13 GE SIG TRAN 

D032W14 GE SIG TRAN 

D32W7 GE SIG TRAN 

D32W8 GE SIG TRAN 

D32W9 GE SIG TRAN 

033D21 GE SIG TRAN 

C136PX85 D33021-J1 GE SIG TRAN 

CS 1-02 BBC SCR C1168 741 D033D22 GE SiG TRAN 
CS 1-04 BBC SCR C116D 741 033022-J1 GE = SIG TRAN 
CS 1-06 BBC SCR IC 116M 741 033024 GE SIG TRAN 
CS 1-08 BBC SCR C1I6N 741 033D24-J1 GE SiG TRAN 
CS 3-02 BBC SCR C1228 747 D33D25 GE SIG TRAN 
CS 3-04 BBC SCR C1220 747 033025-J1 GE SIG TRAN 
CS 3-06 BBC SCR C122M 747 D33D26 GE SIG TRAN 
CS 4.9-04 BBC SCR C234D 880 D33D26-J1 GE SiG TRAN 
CS 4.9-06 BBC SCR C144M15M 791 033027 GE SIG TRAN 
CS §-02 BBC SCR C230BX211 CF D33027-J1 GE SIG TRAN 
CS 5-04 BBC SCR C2300X211 CF D33D29 GE SiG TRAN 
CS 5-06 BBC SCR C230MX211 CF 033D29-J1 GE SIG TRAN 
CS 8-02 BBC SCR C2308 874 033030 GE SIG TRAN 
CS 8-02M CRL SCR C222UX304 CF D33D30-J1 GE SIG TRAN 
CS 8-02N CRL SCR. C220UX304 CF D34C1 GE SIG TRAN 
CS 8-04 BBC SCR C2300 874 034C2 GE SIG TRAN 
CS 8-05M CRL SCR C222FX304 CF D34C3 GE SIG TRAN 
CS 8-05N CRL SCR (C220FX304 CF D34C4 GE SIG TRAN 
CS 8-06 BBC SCR IC 230M 874 034C5 GE = SIG TRAN 
CS 8-08 BBC SCR C136NX85 CF D034C6 GE SIG TRAN 
CS 8-12 BBC SCR C 136PBX85 CF 034J1 GE SIG TRAN 
CS 8- 1M CRL SCR C222AX304 CF 03452 GE SIG TRAN 
CS 8- IN CRL SCR C222FX304 CF 034J3 GE = SIG TRAN 
CS 8- 2M CRL SCR (C222BX304 CF D34J4 GE SIG TRAN 
CS 8- 2N CRi SCR C222BX304 CF D34J5 GE SIG TRAN 
CS 8- 3M CRL SCR C222CX304 CF 034J6 GE SIG TRAN 
CS 8- 3N CRL SCR C222CX304 CF 034J7 GE SIG TRAN 
CS 8- 4M CRL SCR C2220X304 CF 034J8 GE SIG TRAN 
CS 8- 4N CRL SCR C2220X304 CF D34J9 GE SIG TRAN 
CS 8- 6M CRL SCR C222MX304 CF 03814 GE SIG TRAN 
CS 8- 6N CRL SCR C220MX304 CF D38H1 GE SIG TRAN 
013T1 GE = -UJT TRAN 510 D38H2 GE SIG TRAN 
013T2 GE  UJT TRAN 510 038H3 GE SIG TRAN 
D13T3 GE  UJT TRAN 1069 038H4 GE SIG TRAN 
D13T4 GE  UJT TRAN 1069 D38H5 GE SIG TRAN 
D16G6 GE SIG TRAN 1071 D38H6 GE SIG TRAN 
D16P1 GE SIG TRAN 1072 D38H7 GE SIG TRAN 
D29E10 GE = SIG TRAN 1080 038H8 GE SIG TRAN 
029E10-51 GE SIG TRAN 1080 D38H9 GE SIG TRAN 
D29E1 GE SIG TRAN 1074 D38L1 GE SIG TRAN 
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Suggested GE 
Replacement 


ype [wa Prod Line 


D38L2 GE SIG TRAN 1084 
03813 GE SIG TRAN 1084 
03814 GE SIG TRAN 1084 
038L5 GE SIG TRAN 1084 
038L6 GE = SIG TRAN 1084 
038510 GE SIG TRAN 1088 
03881 GE SIG TRAN 1088 
D38S2 GE SIG TRAN 1088 
D38S3 GE SIG TRAN 1088 
03884 GE SIG TRAN 1088 
D38S5 GE SIG TRAN 1088 
D38S6 GE SIG TRAN 1088 
038S7 GE SIG TRAN 1088 
D38S8 GE SIG TRAN 1088 
038S9 GE SIG TRAN 1088 
038V1 GE SIG TRAN 1092 
038V2 GE SIG TRAN 1092 
D38V3 GE SIG TRAN 1093 
D38W10 GE SIG TRAN 1094 
038Ww11 GE SIG TRAN 1094 
O38W12 GE SIG TRAN 1094 
D38W13 GE SIG TRAN 1094 
038W7 GE SIG TRAN 1094 
038W8 GE SIG TRAN 1094 
D38W9 GE SIG TRAN 1094 
D39C1 GE SIG TRAN 1084 
039C2 GE SIG TRAN 1084 
039C3 GE SiG TRAN 1084 
039C4 GE SIG TRAN 1084 
D39C5 GE SIG TRAN 1084 
D39C6 GE SIG TRAN 1084 
039J1 GE SIG TRAN 1098 
039J2 GE SiG TRAN 1098 
D39J3 GE SIG TRAN 1098 
D39J4 GE SIG TRAN 4098 
D395 GE SIG TRAN 1098 
D39J6 GE SIG TRAN 1098 
039/7 GE SIG TRAN 1098 
039J8 GE SIG TRAN 1098 
D39J9 GE SIG TRAN 1098 
D40Cc1 GE  PWRTRAN 1101 
040C2 GE PWR TRAN 1101 
D40C3 GE PWR TRAN 1101 
D40C4 GE PWR TRAN 1101 
D40C5 GE PWRTRAN 1101 
D40C7 GE PWR TRAN 1101 
040010 GE PWR TRAN 1105 
040011 GE PWR TRAN 1105 
D40013 GE PWR TRAN 1105 
040014 GE PWR TRAN 1105 
04001 GE  PWRTRAN 1105 
040D2 GE PWR TRAN 1105 
040D3 GE PWR TRAN 1105 
D4004 GE PWR TRAN 1105 
04005 GE  PWRTRAN 1105 
040D7 GE  PWRTRAN 1105 
D40D08 GE PWR TRAN 1105 
D40E1 GE PWR TRAN 1109 
D40E5 GE PWR TRAN 1109 
D40E7 GE PWR TRAN 1109 
040K1 GE PWRTRAN 1113 
D40K2 GE PWR TRAN 1113 
D40K3 GE PWR TRAN 1113 
D40K4 GE  PWRTRAN 4113 
D40N1 GE  PWRTRAN 1117 
D40N2 GE PWRTRAN 117 
D40N3 GE PWR TRAN 1117 
O040N4 GE PWR TRAN W117 
DAONS GE PWR TRAN W447 
D40P1 GE PWR TRAN 1121 
D40P3 GE PWR TRAN 1121 
D040P5 GE PWR TRAN 1121 
041010 GE PWR TRAN 1123 
041011 GE PWR TRAN 1123 
D41013 GE PWR TRAN 1123 
D41D14 GE PWRTRAN 1123 
D41D1 GE PWR TRAN 1123 
04102 GE PWR TRAN 1123 
04104 GE = PWR TRAN 1123 
D4105 GE  PWRTRAN 1123 
D41D7 GE PWR TRAN 1123 
04108 GE  PWRTRAN 1123 
D41E1 GE PWR TRAN 1129 
D41E5 GE PWR TRAN 1129 
D041E7 GE PWRTRAN 1129 
D41K1 GE PWRTRAN 1133 
O41K2 GE PWR TRAN 1133 
D41K3 GE PWR TRAN 1133 
D41K4 GE PWRTRAN 1133 
042C10 GE PWR TRAN 1135 
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042C11 
D42C12 
042C1 
042C2 
D42C3 
D42C4 
042C5 
D42c6 
D42C7 
D42C8 


042C9 
D42R1 
042R2 
D42R3 
D42R4 
D43C10 
043C11 
D43C12 
043C1 
043C2 


043C3 
D43C4 
043C5 
043C6 
043C7 
043C& 
D43C9 
044010 
044C€11 
D44C12 


D44C1 
044C2 
044C3 
044C4 
D44C5 
D44C6 
D44C7 
044C8 
044C9 
044E1 


D44E2 
D44E3 
044H10 
D44H11 
D44H1 
044H2 
D44H4 
D44H5 
D44H7 
D44H8 


044Q1 
04403 
D44Q5 
D44R1 
D44R2 
04483 
044R4 
D44R5 
D44R6 
044R7 


D44R8 
D45C10 
D45C11 
D45C12 
D45C1 
045C2 
045C3 
D45C4 
D4sCc5 
D45C6 


045C7 
D45C8 
D456C9 
D45E1 
D45E2 
04563 
045H10 
D45H11 
045H12 
D45H3 


D45H6 
D45H7 
045H8 
D045H9 
05/37 
05J43 
D544 
05/45 
OSK1 


PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 


PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 


PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 


PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 


PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 


PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 


PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 


PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 


PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
UJT TRAN 
UJT TRAN 
UJT TRAN 
UJT TRAN 
UJT TRAN 
UST TRAN 


Suggested GE 
Replacement 
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Suggested GE 
Replacement 
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Suggested GE 
Replacement 


DA1701 GE SIG DIODE 1173 GES5374 GE SiG TRAN 1211 

DA1702 GE = SIG DIODE 1173 GES5375 GE SIG TRAN 1211 

DA1703 GE = SIG DIODE 1173 GES5447 GE SIG TRAN 1213 

0A1704 GE = §!IG DIODE 1173 GES5448 GE SIG TRAN 1213 

DC14v GE GEMOV 545 GES5449 GE SIG TRAN 1215 

DC28V GE GEMOV 545 GES5450 GE SIG TRAN 1215 

0C42v GE GE MOV 545 GES5451 GE SIG TRAN 1215 

DC5é6V GE GE MOV 545 GES5810 GE SIG TRAN 1217 

0E104 GE SIG DIODE 1175 GES5811 GE SIG TRAN 1217 

DE110 GE = SIG DIODE 1176 GES5812 GE SIG TRAN 1217 

DE111 GE = SIG DIODE 1176 GES5813 GE SIG TRAN 1217 

DE112 GE SiG DIODE 1176 GES5814 GE SIG TRAN 1219 

DE113 GE = SIG DIODE 1176 GES5815 GE SIG TRAN 1219 

DE114 GE = SIG DIODE +176 GES5816 GE = SIG TRAN 1219 

DE115 GE = SIG DIODE 1176 GES5817 GE SIG TRAN 1219 

DE125 GE SIG DIODE CF GES5818 GE SIG TRAN 1219 

071110 PWR TRAN D40E1 1109 GES5820 GE SIG TRAN 1223 

DT1111 PWR TRAN D40E7 1109 GES5821 GE SIG TRAN 1223 

0T1112 PWR TRAN D40N1 1117 GES5822 GE SIG TRAN 1223 

071120 PWR TRAN 040E1 1109 GES5823 GE SIG TRAN 1223 

OT1121 PWR TRAN D40E7 1109 GES5824 GE SIG TRAN 1227 

071122 PWR TRAN D40N1 1117 GES5825 GE SiG TRAN 1227 

0T1311 PWR TRAN D40E7 1109 GES5826 GE SIG TRAN 1227 

DT1321 PWR TRAN 040E7 1109 GES5827 GE SIG TRAN 1232 

071510 PWR TRAN D40E1 1109 GES5828 GE SIG TRAN 1234 

DT1511 PWR TRAN O40E5 1109 GES6000 GE SIG TRAN 1236 

DT1512 PWR TRAN D040E7 1109 GES6001 GE SIG TRAN 1240 

071520 PWR TRAN D40E1 1109 GES6002 GE SiG TRAN 1236 

DT1521 PWR TRAN D40E7 1109 GES6003 GE SIG TRAN 1240 

DT1522 PWR TRAN D40E7 1109 GES6004 GE SIG TRAN 1244 

DT230A GE RECTIFIER 1177 GES6005 GE SIG TRAN 1248 

0T2308 GE —_— RECTIFIER 1177 GES6006 GE SIG TRAN 1244 

DT230F GE ——- RECTIFIER 1177 GES6007 GE SIG TRAN 1248 

DT230G GE RECTIFIER 1177 GES6010 GE SIG TRAN 1252 

DT230H1 GE —- RECTIFIER 1177 GES6011 GE SIG TRAN 1256; 

DT230H GE = RECTIFIER 1177 GES6012 GE SIG TRAN 1252 

DZ800 GE SIG DIODE 1179 GES6013 GE SIG TRAN 1256 

DZ805 GE = SIG DIODE 1179 GES6014 GE SIG TRAN 1264 

DZ806 GE = SIG DIODE 1179 GES6015 GE SIG TRAN 1260) 

EC103A TCE SCR C103A 716 GES6016 GE SIG TRAN 1264 

EC103B TCE SCR C103B 716 GES6017 GE SIG TRAN 1260 

EC103D TCE SCR C203D 858 GES6218 GE SIG TRAN 1268; 

EC103Y TCE SCR C103Y 715 GES6219 GE SIG TRAN 1268 

FCD810 FSC OPTO COUPL H11A5 1279 GES6220 GE SIG TRAN 1268 

FCD810C FSC OPTO COUPL H11A520 1285 GES6221 GE SIG TRAN 1268 

FCD810D FSC OPTO COUPL H11A520 1285 GES6222 GE SIG TRAN 1271 

FCO811 FSC OPTO COUPL H11A3 1277 GES6223 GE SIG TRAN 1271 

FCD820 FSC OPTO COUPL H11A2 1275 GES6224 GE SIG TRAN 1271 

FCD820C FSC OPTO COUPL H11A520 1285 GES929 GE SIG TRAN 1191 

FCD820D0 FSC OPTO COUPL H11A520 1285 GES930 GE SIG TRAN 1191 

FCD825C FSC OPTO COUPL H11A550 1285 GET2221 GE SIG TRAN GES2221 11 
FCD8250 FSC OPTO COUPL H11A550 1285 GET2221A GE SIG TRAN GES2221A 1197 
FCD830C FSC OPTO COUPL H11A520 1285 GET2222 GE SIG TRAN GES2222 1195 
FCD830D FSC OPTO COUPL H11A520 1285 GET2222A GE SiG TRAN GES2222A 1197 
FCD831C FSC OPTO COUPL H11A520 1285 GET2483 GE SIG TRAN i 
FCD8310 FSC OPTO COUPL H11A520 1285 GET2904 GE SIG TRAN 

FCD836C FSC OPTO COUPL H11A520 1285 GET2905 GE SIG TRAN 

FCO836D FSC OPTO COUPL H11A520 1285 GET2906 GE SiG TRAN 

FT340 PWR TRAN D42¢8 1135 GET2907 GE SIG TRAN 

GEMR-6 PWR TRAN D42C5 1135 GET3013 GE SIG TRAN GES3013 CF 
GER4001 GE —- RECTIFIER 1190 GET3014 GE SIG TRAN GES3014 CF 
GER4002 GE ~—s- RECTIFIER 1190 GET3563 GE SiG TRAN GES3563 CF 
GER4003 GE —_—- RECTIFIER 1190 GET3638 GE SIG TRAN GES3638 CF 
GER4004 GE —_—- RECTIFIER 1190 GET3638A GE SIG TRAN GES3638A CF 
GER4005 GE —- RECTIFIER 1190 GET3646 GE SIG TRAN GES3646 CF 
GER4006 GE RECTIFIER 1190 GET3905 GE SIG TRAN GES3905 CF 
GER4007 GE ~—- RECTIFIER 1190 GET3906 GE SIG TRAN GES3906 CF 
GE-18 PWR TRAN D44R1 1159 GET5305 GE SIG TRAN GES5305 1205 
GE-23 PWR TRAN D44C8 1147 GET5306 GE SIG TRAN GES5306 1205 
GE-26 PWR TRAN D44C8 1147 GET5306A GE SIG TRAN GES5306A 1205 
GE-27 PWR TRAN D40N8 1117 GET5307 GE SIG TRAN GES5307 1205 
GE-28 PWR TRAN D42C8 1135 GET5308 GE SIG TRAN GES5308 1205 
GE-29 PWR TRAN D43C8 1143 GET5308A GE SIG TRAN GES5308A 1205 
GES2221 GE SIG TRAN 1195 GET5457 GE SIG TRAN 

GES2221A GE SIG TRAN 1197 GET5458 GE SIG TRAN 

GES2222 GE SIG TRAN 1195 GET5459 GE SiG TRAN 

GES2222A GE SIG TRAN 1197 GET929 GE SIG TRAN 

GES2483 GE SIG TRAN 1199 GET930 GE SIG TRAN 

GES2906 GE SIG TRAN 1201 GTO15 HUT TRIAC 

GES2907 GE SIG TRAN 1203 GTO6 HUT TRIAC $C142B2 1381 
GES5305 GE SIG TRAN 1205 GTO8 HUT TRIAC $C143B2 1381 
GES5306 GE SIG TRAN 1205 GT115 HUT TRIAC $C 151B2 1381 
GES5306A GE SIG TRAN 1205 GT16 HUT TRIAC $C141B2 1381 
GES5307 GE SIG TRAN 1205 GT18 HUT TRIAC $C143B2 1381 
GES5308 GE SIG TRAN 1205 GT215 HUT TRIAC $C151B2 1381 
GES5308A GE SIG TRAN 1205 GT26 HUT TRIAC $C141B2 1381 
GES5368 GE SIG TRAN 1209 GT28 HUT TRIAC $C 143B2 1381 
GES5369 GE SIG TRAN 1209 GT315 HUT TRIAC $C161D2 1381 
GES5372 GE SIG TRAN 1211 GT36 HUT TRIAC $C141D2 1381 
GES5373 GE SIG TRAN 1211 GT38 TRIAC $C143D2 
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Suggested GE Suggested GE 
Replacement Replacement 


TRIAC 


GT46 HUT TRIAC 

GT48 HUT TRIAC 

GT515 HUT TRIAC 

GT56 HUT TRIAC 

GT58 HUT TRIAC 

GT66 HUT TRIAC 

GT68 HUT TRIAC 

H103SH HUT TRIAC 

H113SH HUT TRIAC 

H11A10 GE OPTO COUPL 1281 OPTO COUPL 

H11A1 GE  OPTO COUPL 1275 IL15 LIX = OPTO COUPL 

H11A2 GE OPTO COUPL 1275 IL16 LIX OPTO COUPL 

H11A3 GE  OPTO COUPL 1277 {u1 LIX OPTO COUPL 

H1I1A4 GE  QPTO COUPL 1277 ILS LIX = OPTO COUPL 

H11A5 100 GE  OPTO COUPL 1285 IL74 LIX OPTO COUPL 

H11A5 100 GE  OPTO COUPL 1285 ILA30 LIX OPTO COUPL 

H11A520 GE  OPTOCOUPL 1285 ILAS5 LIX OPTO COUPL 

H11A550 GE  OPTO COUPL 1285 ILCA2-30 LIX — OPTO COUPL 

H11A550 GE  OPTO COUPL 1285 ILCA2-55 LUX = OPTO COUPL 

H11A5 GE  OPTO COUPL 1279 IN205 4-68 IR RECTIFIER 

H1I1AA1 GE  OPTO COUPL 1289 IN205 4-68 WEST RECT 

H11AA2 GE  OQPTOCOUPL 1289 (N3161-74 WEST RECT 

H11B1 GE  OPTO COUPL 1293 IN4587-96 WEST RECT 

H11B255 GE OPTO COUPL 1295 IP100 UNI SCR 

H11B2 GE OPTO COUPL 1293 (P1041 UNI SCR 

H11B3 GE  OPTO COUPL 1293 IP 102 UNI SCR C203A 

H11BX522 GE OPTO COUPL 1297 IP103 UNI SCR C203G 858 
H11C1 GE OPTO COUPL 1299 IP 104 UNI SCR C203B 858 
H1ic2 GE OPTO COUPL 1299 IP 105 UNI SCR C203C 858 
H11C3 GE  OPTO COUPL 1299 IP106 UNI SCR C203D 858 
H11C4 GE OPTO COUPL 1303 IR106A1 IR SCR C106A1 720 
H11C5 GE OPTO COUPL 1303 IR106A2 IR SCR C106A2 720 
H11C6 GE  OPTO COUPL 1303 IR106A3 IR SCR C106A3 720 
H11D1 GE  OPTO COUPL 1307 (R106A41 IR SCR C106A41 720 
H11D2 GE OPTO COUPL 1307 IR106A4 IR SCR C106A4 720 
H11D3 GE OPTO COUPL 1307 IR106B1 IR SCR C1068 720 
H1104 GE  OPTO COUPL 1307 IR106B2 IR SCR C106B2 720 
H123SH HUT TRIAC SC136B 1377 IR106B3 IR SCR C10683 720 
H133SH HUT  TRIAC S$C136D 1377 IR106B41 IR SCR C106B41 720 
H13A1 GE  OPTO COUPL 1309 IR106B4 IR SCR C106B4 720 
H13A2 GE OPTO COUPL 1309 {R106C1 IR SCR C106C1 720 
H13B1 GE OPTO COUPL 1311 IR106C2 IR SCR C106C2 720 
H13B2 GE = OPTO CQUPL 1311 IR106C3 IR SCR C106C3 720 
H143SH HUT TRIAC $C136D 1377 IR106C41 IR SCR C106C41 720 
Hi5A1 GE  OPTO COUPL 1313 IR106C4 IR SCR C106C4 720 
H15A2 GE  OPTO COUPL 1313 1R106D1 IR SCR C106D1 720 
H15B1 GE OPTO COUPL 1315 IR 10602 IR SCR C10602 720 
H15B2 GE OPTO COUPL 1315 IR10603 IR SCR C106D3 720 
H17A1 GE  OPTO DET 1317 IR106D41 IR SCR C106041 720 
H17B1 GE OPTO DET 1319 1R106D4 IR SCR C106D4 720 
H19A1 GE OPTO DET 1321 IR106F1 IR SCR C1i06F i 720 
H19B1 GE OPTO DET 1325 IR106F2 IR SCR C106F2 720 
H74A1 GE  OPTO COUPL 1327 IR106F3 IR SCR C106F3 720 
H74C1 GE  OPTO COUPL 1327 IR106F41 IR SCR C106F41 720 
H74C2 GE  OPTO COUPL 1327 IR106F4 IR SCR Ci06F4 720 
HEP706 PWR TRAN 044R3 1169 IR106Q1 IR SCR C106Q1 720 
HEP-714 PWR TRAN D44R1 1159 IR10602 IR SCR C106Q2 720 
HS07 HUT SCR C116F21 741 IR106Q3 IR SCR C1063 720 
HSO8 HUT SCR C123F 765 1R106041 IR SCR C106041 720 
HS17 HUT SCR C116A21 741 IR 10604 IR SCR C10604 720 
HS18 HUT SCR C123A 755 IR106Y 1 IR SCR c106y1 720 
HS27 HUT SCR C116B21 741 IR106Y2 IR SCR C1062 720 
HS28 HUT SCR C123B 755 IR106Y3 IR SCR C106Y3 720 
HS37 HUT SCR C116C21 741 IR106Y41 IR SCR C106Y41 720 
HS38 HUT SCR C123C 765 IR106Y4 IR SCR C106Y4 720 
HS47 HUT SCR C116D21 741 IR122A IR SCR C1224 747 
HS48 HUT SCR C123D 755 IR122B IR SCR C1228 747 
HS57 HUT SCR C116E21 741 IR122C IR SCR €122C 747 
HS58 HUT SCR C123E 755 1R122D IR SCR C1220 TAT 
HS67 HUT SCR C116M21 741 IR122F 

HS68 HUT SCR C123M 755 

HW SERIES GE HEAT SINK CF 

I3PTO30 HUT TRIAC $C265B4 1393 

13PTO40 HUT TRIAC SC265B4 1393 

13PT130 HUT TRIAC $C265B4 1393 

13PT140 HUT TRIAC SC265B4 1393 

13PT230 HUT TRIAC SC265B4 1393 

13PT240 HUT TRIAC S$C265B4 1393 

I3PT330 HUT TRIAC $C265D4 1393 IR141D 2N3658 

(3PT340 HUT TRIAC SC26504 IR141F IR SCR 2N3654 783 
13PT430 HUT TRIAC {R30A IR SCR C230A 874 
I3PT440 HUT TRIAC IR30B IR SCR C230B 874 
13PT530 HUT TRIAC IR30C IR SCR C230C 874 
(3PT540 HUT TRIAC IR300 IR SCR 

I3PT630 HUT TRIAC IR3OE IR SCR 

I3PT640 HUT TRIAC IR3OF IR SCR 

(D100 UNI SCR IR30U IR SCR 

(D101 UNI SCR IR31A IR SCR 


1D102 IR31B 
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Suggested GE 
Replacement 
Prod.Line | Page! Type 


TRIAC 
IT48 TRIAC 


ITC 103-2 
(TC 103-3 ITT SCR 
ITC 103-4 iTT SCR 
ITC 103-5 ITT SCR 
ITC 103-6 ITT SCR 
JAN1N1184,R GE RECTIFIER 
JAN1N1186,R GE RECTIFIER 
JAN1N1188,R GE RECTIFIER 
JAN1N1190,R GE RECTIFIER 
JAN1N1202A,RA GE RECTIFIER 213 
JANIN1204A,RA GE RECTIFIER 213 
JAN1N1206A,RA GE RECTIFIER 213 
JANIN1I614 GE RECTIFIER 221 
JAN1N1615 GE RECTIFIER 221 
JANIN1616 GE RECTIFIER 221 
JAN1N3289 GE RECTIFIER 234 
JAN1N3291 GE RECTIFIER 234 
JAN1N3293 GE RECTIFIER 234 
JAN1N3294 GE RECTIFIER 234 
JAN1N3295 GE RECTIFIER 234 
JAN 1N3671A,RA GE RECTIFIER 213 
JAN 1N3673A,RA GE RECTIFIER 213 
JAN1N3713 GE TUNNEL DIO 237 
JAN1N3715 GE TUNNEL DIO 237 
JAN1N3717 GE TUNNEL DIO 237 
JAN1N3719 GE TUNNEL DIO 237 
JAN1N3721 GE TUNNEL DIO 237 
JAN 1N3766,R GE RECTIFIER 209 
JAN1N3768,R GE RECTIFIER 209 
JAN1N3890,R GE RECTIFIER 249 
JAN1N3891, R GE RECTIFIER 249 
JAN1N3893,R GE RECTIFIER 249 
JAN 1N3909,R GE RECTIFIER 253 
JAN1N3910,R GE RECTIFIER 253 
JAN1N3911,8 GE RECTIFIER 253 
JAN1N3912,R GE RECTIFIER 253 
JAN1N3913,R GE RECTIFIER 253 
JAN1N4 148-1 GE SIG DIODE 205 
JAN1N4150 GE SIG DIODE 258 
JAN1N4153 GE = SIG DIODE 262 
2J436D JANIN4G454 GE SIG DIODE 262 
1$510 HUT SCR C126E 763 JAN1N4531 GE SIG DIODE 205 
(S515 HUT SCR ZJ436E CF JAN1N4532 GE SIG DIODE 262 
1S520 HUT SCR ZJ436E CF JAN2N2031 GE SCR 712 
1S610 HUT SCR C126M 763 JAN2N2323A GE SCR 653 
1$615 HUT SCR 2J436M CF JAN2N2323A GE SCR 653 
1S620 HUT SCR ZJ436M CF JAN2N2323 GE SCR 653 
IS 08 HUT SCR C123F 795 JAN2N2323 GE SCR 653 
IS 18 HUT SCR C123A 755 JAN2N2324 GE SCR 653 
IS 28 HUT SCR C1238 755 JAN2N2324A GE SCR 653 
IS 38 HUT SCR C123C 755 JAN2N2324A GE SCR 653 
IS 48 HUT SCR C1230 755 JAN2N2324 GE SCR 653 
IS 58 HUT SCR C123E 755 JAN2N2326 GE SCR 653 
1S 68 HUT SCR C123M 755 JAN2N2326 GE SCR 653 
(SPTO30 HUT TRIAC SC265B2 1393 JAN2N2326A GE SCR 653 
ISPTO40 HUT TRIAC SC265B2 1393 4JAN2N2326A GE SCR 653 
1SPT130 HUT TRIAC S$C265B2 1393 JAN2N2328 GE SCR 653 
ISPT140 HUT TRIAC SC265B2 1393 JAN2N2328 GE SCR 653 
ISPT230 HUT TRIAC SC265B2 1393 JAN2N2329 GE SCR 653 
(SPT240 HUT TRIAC $C26582 1393 JAN2N2329 GE SCR 653 
ISPT330 HUT TRIAC S$C265D2 1393 JAN2N489A GE UJT TRAN 298 
{SPT340 HUT TRIAC $C26502 1393 JAN2N490A GE UJT TRAN 298 
(SPT430 HUT TRIAC $C265D2 1393 JAN2N491A GE UJT TRAN 298 
ISPT440 HUT TRIAC $C265D2 1393 JAN2N492A GE UST TRAN 298 
(SPT530 HUT TRIAC SC265E2 1393 JAN2N493A GE UJT TRAN 298 
ISPT540 HUT TRIAC SC265E2 1393 JAN2N494A GE UJT TRAN 298 
ISPT630 HUT TRIAC SC265M2 1393 JAN2N682 GE SCR 306 
ISPT640 HUT TRIAC S$C265M2 1393 JAN2N683 GE SCR 306 
IT010 HUT TRIAC $C147B 1381 JAN2N685 GE SCR 306 
{T06 HUT TRIAC SC 140B 1381 JAN2N686 GE SCR 306 
IT08 HUT TRIAC SC 1428 1381 JAN2N687 GE SCR 306 
IT110 HUT TRIAC SC147B 1381 JAN2N688 GE SCR 306 
IT16 HUT TRIAC SC 140B JAN2N689 GE SCR 306 
IT18 HUT JANTX1184,R GE RECTIFIER 209 
IT210 HUT JANTX1204A,RA GE RECTIFIER 213 
IT26 HUT JANTX1N1190,R GE RECTIFIER 209 
IT28 HUT JANTX1N1188,R GE RECTIFIER 209 
IT310 HUT JANTX1N1186,R GE RECTIFIER 209 
IT36 HUT JANTXINi206ARA GE RECTIFIER 213 
IT38 HUT JANTX1N1202A,RA GE RECTIFIER 213 
L (T410 HUT JANTX 1N3673A,RA RECTIFIER 
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JANTX1N3671A,RA 
JANTX 1N3766,R 
JANTX1N3768,R 
JANTX1N3893 R 
JANTX 1N3890, R 
JANTX1N3891 R 
JANTX1N3910,R 
JANTX1N3909,R 
JANTX1N3911,R 
JANTX1N3912,R 


JANTX1N3913,R 
JANTX1N4148-1 
JANTX1N4153 
JANTX1N4150 
JANTX1N4454 
JANTX1N4532 
JANTX2N2329 
JANTX2N2326A 
JANTX2N2328 
JANTX2N2323 


JANTX2N2324 
JANTX2N2323A 
JANTX2N2326 
JANTX2N2324A 
JANTX2N2326A 
JANTX2N2328 
JANTX2N2324A 
JANTX2N2324 
JANTX2N2323 
JANTX2N2329 


JANTX2N2326 
JANTX2N2323A 
JANTX2N489A 
JANTX2N494A 
JANTX2N492A 
JANTX2N490A 
JANTX2N493A 
JANTX2N491A 
JANTX2N688 
JANTX2N682 


JANTX2N685 
JANTX2N683 
JANTX2N689 
JANTX2N687 
JANTX2N686 
JANTXV1N4531 
JANTXV1N4148-1 
JANTXV1N4532 
L14F1 

L14F2 


L14G1 
L14G2 
L14G3 
L14H1 
L14H2 
L14H3 
L14H4 


LEDSSBF 
LED55C 


M23CA 
M46-73 SERIES 


(eo 


GE 


RECTIFIER 
RECTIFIER 
RECTIFIER 
RECTIFIER 
RECTIFIER 
RECTIFIER 
RECTIFIER 
RECTIFIER 
RECTIFIER 
RECTIFIER 


RECTIFIER 
SIG DIODE 
SIG DIODE 
SIG DIODE 
SIG DIODE 
SIG DIODE 


UST TRAN 
UJT TRAN 
UJT TRAN 
UJT TRAN 
UJT TRAN 
UJT TRAN 


SiG DIODE 
SIG DIODE 
SIG DIODE 
OPTO DET 
OPTO DET 


OPTO DET 
OPTO DET 
OPTO DET 
OPTO DET 
OPTO DET 
OPTO DET 
OPTO DET 
OPTO SCR 
OPTO SCR 
OPTO SCR 


OPTO SCR 
OPTO SCR 
OPTO SCR 
OPTO SCR 
OPTO SCR 
OPTO SCR 
OPTO SCR 
OPTO SCR 
OPTO SCR 
OPTO SCR 


OPTO SCR 
OPTO SCR 
OPTO SCR 
OPTO SCR 
OPTO SCR 
QOPTO SCR 
OPTO SCR 
GE-MOV 
IR LED 

IR LED 


IR LED 

IR LED 

IR LED 

IR LED 
SCR 

SCR 

SCR 

SCR 
PELLETS 
SIG DIODE 


C203B 
C203D 858 
C107B1 728 
C107B1 728 
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Suggested GE 
Replacement 


Prod. Line 


MA1702 SIG DIODE 134 

MA1703 GE SIG DIODE 134 

MA1704 GE SIG DIODE 134 

MA8001 PWR TRAN D40E5 

MA8003 PWR TRAN D40E7 1109 
MA SERIES GE GE-MOV 142 

MAC 10-1 MOT TRIAC S$C146B 

MAC10-2 MOT TRIAC SC146B 1381 
MAC 10-3 MOT TRIAC $C146B 1381 
MAC 10-4 MOT TRIAC $C 1468 1381 
MAC10-5 MOT TRIAC S$C146D 1381 
MAC 10-6 MOT TRIA€ $C146D 1381 
MAC 10-7 MOT TRIAC SC146E 1381 
MAC 10-8 MOT TRIAC SC 146M 1381 
MAC11-1 MOT TRIAC SC146B 1381 
MAC 11-2 MOT TRIAC SC146B 1381 
MAC11-3 MOT TRIAC SC146B 1381 
MAC 11-4 MOT TRIAC SC146B 1381 
MAC 11-5 MOT TRIAC SC146D 1381 
MAC11-6 MOT TRIAC $C146D 1381 
MAC 11-7 MOT TRIAC SC146E 1381 
MAC11-8 MOT TRIAC SC146M 1381 
MAC36-1 MOT TRIAC $C260B 1393 
MAC36-2 MOT TRIAC $C260B 1393 
MAC36-3 MOT TRIAC SC260B 1393 
MAC36-4 MOT TRIAC S$C260B 1393 
MAC36-5 MOT TRIAC $C260D 1393 
MAC36-7 MOT TRIAC SC260E 1393 
MAC36-8 MOT TRIAC S$C260M 1393 
MAC37-1 MOT TRIAC SC261B 1393 
MACC7-2 MOT TRIAC $C2618 1393 
MAC37-3 MOT TRIAC $C261B 1393 
MAC37-4 MOT TRIAC S$C261B 1393 
MAC37-5 MOT TRIAC $C261D 1393 
MAC37-6 MOT TRIAC $C261D 1393 
MAC37-7 MOT TRIAC SC261E 1393 
MAC38-2 MOT TRIAC $C260B 1393 
MAC38-3 MOT TRIAC $C260B 1393 
MAC38-4 MOT TRIAC $C260B 1393 
MAC38-5 MOT TRIAC $C260D 1393 
MAC38-6 MOT TRIAC $C260D 1393 
MAC38-7 MOT TRIAC SC260E 1393 
MAC40688 MOT TRIAC SC265B2 1393 
MAC40689 MOT TRIAC SC265D2 1393 
MAC40690 MOT TRIAC SC265M2 1393 
MAC40795 MOT TRIAC SC246M 1393 
MAC40796 MOT TRIAC SC245M 1393 
MAC40797 MOT TRIAC SC246M 1393 
MAC40798 MOT TRIAC SC245M 1393 
MAC40799 MOT TRIAC $C245B2 1393 
MAC40800 MOT TRIAC $C245D2 1393 
MAC40801 MOT TRIAC SC245M2 1393 
MAC4688 MOT TRIAC S$C265B2 1393 
MAC4689 MOT TRIAC $C265D02 1393 
MAC4690 MOT TRIAC SC265M2 1393 
MAC5441 MOT TRIAC SC266B 1393 
MAC5442 MOT TRIAC S$C266D 1393 
MAC5443 MOT TRIAC SC266M 1393 
MAC5444 MOT TRIAC $C265B 1393 
MAC5445 MOT TRIAC $C265D 1393 
MAC5446 MOT TRIAC SC265M 1393 
MCA230 MTO OPTO COUPL H11B3 1293 
MCA231 MTO OPTO COUPL H11B2 1293 
MCA255 MTO OPTO COUPL H11B255 1296 
MCA81 MTO OPTO COUPL H13B2 1311 
MCA8 MTO OPTO COUPL H13B1 1311 
MCH2005F PWR TRAN D40C1 1101 
MCR101 MOT SCR C2030 858 
MCR102 MOT SCR C203Y 858 
MCR103 MOT SCR C203YY 858 
MCR104 MOT SCR C203A 858 
MCR 106-1 MOT SCR C106Y1 720 
MCR106-2 MOT SCR C106A1 720 
MCR106-3 MOT SCR C106A1 720 
MCR106-4 MOT SCR C106B1 720 
MCR106-6 MOT SCR C106D1 720 
MCR106-8 MOT SCR C106M1 720 
MCR107-1 MOT SCR c107Y1 728 
MCR107-2 MOT SCR C107A1 728 
MCR107-3 MOT SCR C107A1 728 
MCR107-4 MOT SCR C107B1 728 
MCR 107-6 MOT SCR C107D1 728 
MCR107-8 MOT SCR C107M1 728 
MCR115 MOTA SCR C203G 858 
MCR120 MOTA SCR C203B 858 
MCR1718-5 MOT SCR 2N3652 783 
MCR17 18-6 MOT SCR 2N3653 783 
MCR1718-7 MOT SCR C144E15E 791 
MCR1718-8 MOT SCR C144M15M 791 
MCR1907-1 MOT SCR C140F 783 


MCR1907-2 
MCR1907-3 
MCR1907-4 
MCR1907-5 
MCR1907-6 
MCR220-5 
MCR220.7 
MCR220-9 
MCR221-5 
MCR221-7 


MCR221-9 

MCR2315-1 
MCR2315-2 
MCR2315-3 
MCR2315-4 
MCR23 15-5 
MCR23 15-6 
MCR2604-1 
MCR2604-2 
MCR2604-3 


MCR2604-4 
MCR2604-5 
MCR2604-6 
MCR2604-7 
MCR2604-8 
MCR2605-1 
MCR2605-2 
MCR2605-3 
MCR2605-4 
MCR2605-5 


MCR2605-6 
MCR2605-7 
MCR2605-8 
MCR2614L-3 
MCR2614L-2 
MCR2614L-4 
MCR2614L-1 
MCR2614L-6 
MCR2614L-5 
MCR3000-1 


MCR3000-2 
MCR3000-3 
MCR3000-4 
MCR3000-5 
MCR3000-6 
MCR3000-7 
MCR3000-8 
MCR3000-9 
MCR38 18-1 
MCR38 18-2 


MCR38 18-3 
MCR38 18-4 
MCR38 18-5 
MCR38 18-6 
MCR38 18-7 
MCR38 18-8 
MCR3835-1 
MCR3835-2 
MCR3835-3 
MCR3835-4 


MCR3835-5 
MCR3835-6 
MCR3835-7 
MCR3835-8 
MCR39 18.1 
MCR39 18-2 
MCR39 18-3 
MCR39 18.4 
MCR39 18-5 
MCR39 18-6 


MCR39 18-7 
MCR39 18-8 
MCR3935-1 
MCR3935-2 
MCR3935-3 
MCR3935-4 
MCR3935-5 
MCR3935-6 
MCR3935-8 
MCR406-1 


MCR406-2 
MCR406-3 
MCR406-4 
MCR407-1 
MCR407-2 
MCR407-3 
MCR407-4 
MCR649-1 
MCR649-2 
MCR649-3 


C222FX203 
C222AX203 CF 


C222BX203 CF 
C222CX203 CF 
C2220X203 CF 
C222EX203 CF 
C222MX203 CF 
C222UX203 CF 
(C222FX203 CF 
C222AX203 CF 
C222BX203 CF 
(C222CX203 CF 


C222DX203 CF 
C222EX243 CF 
(C222MX203 CF 
C222AX203 CF 
C222FX203 CF 
C222BX203 CF 
IC222UX203 CF 
C2220X203 


C229AX 10 

C2298x10 

c229¢x10 CF 
229DX10 CF 
229EX10 CF 

C229MXx10 CF 
230UX240 CF 
230FX240 CF 
230AX240 cr 
230BX240 CF 
230CX240 CF 
230DX240 CF 
230EX240 CF 


230MX240 CF 
228UX10 CF 
228FX10 CF 


Suggested GE 
Replacement 


Type 
MCR649-4 


OPTO COUPL 


MCS2 MTO OPTO COUPL 

MCT26 MTO OPTO COUPL 

MCT2 MTOQ OPTO COLPL 

MCT2E MTO OPTO COUPL 

MCT81 MTO OPTO COUPL 

MCT8 MTO OPTO COUPL 

MJ2249 PWR TRAN 

MJ2250 PWR TRAN 

MJ2251 PWR TRAN 

MJ2252 PWR TRAN 

MJ2253 PWR TRAN 

MJ2254 PWR TRAN 

MJ3101 PWR TRAN 

MJ3201 PWR TRAN 

MJ3202 PWR TRAN 

MJ3701 PWR TRAN 

MJ400 PWR TRAN 

MJ4101 PWR TRAN 1 
MJ420 PWR TRAN D40N1 1117 
MJ421 PWR TRAN D40N4 1117 
MJ8 100 PWR TRAN 043C8 1143 
MJE101 PWR TRAN D45C6 1163 
MJE102 PWR TRAN D45C8 1163 
MJE103 PWR TRAN 045C8 1163 
MJE105 PWR TRAN D45H7 1171 
MJE105K PWR TRAN D045H7 1171 
MJE170 PWR TRAN 043C5 1143 
MJE171 PWR TRAN D43C8 1443 
MJE172 PWR TRAN 043C11 1143 
MJE180 PWR TRAN D42C5 1135 
MJE181 PWR TRAN D42C8 1135 
MJE182 PWR TRAN 042C11 1135 
MJE200 PWR TRAN D44C3 1147 
MJE201 PWR TRAN D44cé 1147 
MJE2020 PWR TRAN 1185 
MJE2021 PWR TRAN 1155 
MJE202 PWR TRAN D44C8 1147 
MJE203 PWR TRAN D44C8 1147 
MJE2050 PWR TRAN D44C6 1147 
MJE205 PWR TRAN D44C8 1147 
MJE205K PWR TRAN 165 
MJE210 PWR TRAN 16 
MJE2150 PWR TRAN 6 
MJE220 PWR TRAN 

MJE221 PWR TRAN 

MJE222 PWR TRAN 

MJE223 PWR TRAN 

MJE224 PWR TRAN 

MJE225 PWR TRAN 

MJE230 PWR TRAN 

MJE231 PWR TRAN 

MJE232 PWR TRAN 

MJE233 PWR TRAN 

MJE234 PWR TRAN 

MJE235 PWR TRAN 

MJE2370 PWR TRAN 

MJE2371 PWR TRAN 

MJE240 PWR TRAN 

MJE241 PWR TRAN 

MJE242 PWR TRAN 

MJE2480 PWR TRAN 

MJE2481 PWR TRAN 

MJE2482 PWR TRAN 

MJE2483 PWR TRAN 

MJE250 PWR TRAN 

MJE25 1 PWR TRAN 

MJE2520 PWR TRAN 

MJE2521 PWR TRAN 

MJE2522 PWR TRAN 

MJE2523 PWR TRAN 

MJE252 PWR TRAN 63 
MJE2801 PWR TRAN 55 
MJE2901 PWR TRAN 71 
MJE2955 PWR TRAN D45H7 71 
MJE3054 PWR TRAN D44C7 47 
MJE305§ PWR TRAN 044H7 55 
MJE3370 PWR TRAN D45C2 63 
MJE3371 PWR TRAN ID45C5 63 
MJE340 PWR TRAN 59 
MJE340K PWR TRAN 59 
MJE341 PWR TRAN 39 
MJE34 1K PWR TRAN 59 
MJE3440 PWR TRAN 59 
MJE344 PWR TRAN 39 
MJE344K PWR TRAN 59 


CF= CONTACT FACTORY 
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MJE3520 
MJE3521 
MJE370 
MJE370K 
MJE371 
MJE37 1K 
MJE488 
MJE520 
MJE520K 
MJE521 


MJE521K 
MJE700 
MJE701 
MJE702 
MJE703 
MJE800 
MJE801 
MJE802 
MJE803 
MM1619 


MM1803 
MM1812 
MM2258 
MM2259 
MM2260 
MM2261 
MM2263 
MM3001 
MM3002 
MM3003 


MM3004 
MM3008 
MM3009 
MM3724 
MM3725 
MM3726 
MM4019 
MM4020 
MM4429 
MM4430 


moc 1000 
mMoc1001 
MOC 1002 
MOC 1003 
MOC 1005 
MOC 1006 
MOC1200 
MP8111 

MP8112 

MP8211 


MP8212 
MP8221 
MP8222 
MPA SERIES 
MPS3638 
MPS3702 
MPS3703 
MPS3704 
MPS3705 
MPS3706 


MPS3838 
MPS3838A 
MPS4354 
MPS4355 
MPS4356 
MPS5 172 
MPS6076 
MPS65 12 
MPS65 13 
MPS6514 


MPS65 15 
MPS65 16 
MPS6517 
MPS65 18 
MPS6519 
MPS6530 
MPS6531 
MPS6532 
MPS6533 
MPS6534 


MPS6535 
MPS6560 
MPS6561 
MPS6562 
MPS6563 
MPS6565 
MPS6565 
MPS6566 
MPS6566 
MPS6571 


CF = CONTACT FACTORY 


wi [Poa tine | 


PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 


PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 


PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 


PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 


MOTA OPTO COUPL 
MOTA OPTO COUPL 
MOTA OPTO COUPL 
MOTA OPTO COUPL 
MOTA OPTO COUPL 
MOTA OPTO COUPL 
MOTA OPTO COUPL 


PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
GE PELLETS 
GE SIG TRAN 
GE SIG TRAN 
GE SIG TRAN 
GE SIG TRAN 
GE SIG TRAN 
GE SIG TRAN 
GE SIG TRAN 
GE SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
GE SiG TRAN 
GE SIG TRAN 
GE SIG TRAN 
GE SIG TRAN 
GE SiG TRAN 
GE SIG TRAN 
GE SIG TRAN 
GE SIG TRAN 
GE SIG TRAN 
GE SIG TRAN 
GE SIG TRAN 
GE SIG TRAN 
GE SIG TRAN 
GE SiG TRAN 
GE SIG TRAN 
GE SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SiG TRAN 
SIG TRAN 
GE SIG TRAN 
GE SIG TRAN 
SIG TRAN 
SIG TRAN 


Suggested GE 
Replacement 


044C2 1147 
D44C6 1147 
044H4 1155 
D45E2 1167 
O045E2 1167 
O045E3 1167 
D45E3 1167 
D44E2 1161 
D44E2 1151 
D44E3 1161 
044E3 1161 
044C1 1147 
040E1 1109 
O040N1 1117 
D44R2 1159 
D44R2 1159 
044R2 1159 
D40E7 4109 
D44R2 1169 
D44R1 1159 
D40N1 1417 
040N3 1117 
D40E1 1109 
D44R2 1159 
044R2 1159 
D40E1 1109 
040E7 1109 
043C8 1143 
D41E5 1129 
045C3 1163 
040E5 1109 
D40E5 4109 
4N26 531 
4N25 531 
4N27 531 
4N28 §31 
H11A520 1285 
H11A520 1285 
4N30 533 
D44C8 1147 
D44C8 1147 
044C5 1147 
D44C6 1147 
D44C5 1147 
044C6 1147 
CF 
1358 
1360 
1360 
1363 
1363 
1363 
1358 
1358 
GES4354 
GES4355 
GES4356 
1364 
1364 
1365 
1365 
1365 
1365 
1365 
1365 
1365 
1365 
1368 
1368 
1368 
1370 
1370 
1370 
GES6560 CF 
GES6561 CF 


GES6562 CF 
GES6563 CF 
MPS6565 1372 


MPS6566 
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Mfg.| Prod. Line 


Suggested GE 
Replacement 


Page 


MPS6573 
MPS6574 
MPS6575 
MPS6576 
MPS8097 
MPS A70 
MPS 005 
MPS DOG 
MPS 055 
MPS D56 


MPS 101 
MPSAO5 
MPSAO6 
MPSA12 
MPSA13 
MPSA14 
MPSA20 
MPSA55 
MPSA56 
MPSA65 


MPSA66 
MPSA70 
MPS-AO9 
MPSUO1 
MPSU01A 
MPSU02 
MPSU03 
MPSU04 
MPSUO5 
MPSUO6 


MPSU10 
MPSU31 
MPSU45 
MPSU51 
MPSUS1A 
MPSU52 
MPSU55 
MPSUS6 
MPSU95 
MRD300 


MRD3050 
MRD305 1 
MRD3052 
MRD3053 
MRD3054 
MRD3055 
MRD3056 
MRD310 

MSA7505 
MSA8505 


MSA8506 
MSA8508 
MSP15 
MSP20 
MSP25 
MSP30 
MST105 
MST15 
MST20 
MST20B 


MST20S 
MST25 

MST30 

MST308 
MST30S 
MT1070 
NCT200 
NCT260 
NL511-3 
NL5 11-4 


NL511-6 
NLS70A 
NL570B 
NL570C 
NL5700 
NL570E 

NL570M 
NL576B 
NL576C 
NL576D 


NLS576E 
NL576M 
NL576N 
NL576P 
NL576PA 
NL576PB 
NL576S 
NL576T 
NLS77B 
NL877C 


SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
GE SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 
SIG TRAN 


SIG TRAN 
GE SIG TRAN 
GE SiG TRAN 
GE SIG TRAN 
GE SIG TRAN 
GE  SIGTRAN 
GE SIG TRAN 
GE SIG TRAN 
GE SiG TRAN 
GE SIG TRAN 


GE SIG TRAN 

GE SIG TRAN 
SIG TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 


PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
MOTA OPTO DET 


MOTA OPTO DET 
MOTA OPTO DET 
MOTA OPTO DET 
MOTA OPTO DET 
MOTA OPTO DET 
MOTA OPTO DET 
MOTA OPTO DET 
MOTA OPTO DET 

PWR TRAN 

PWR TRAN 


PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 


PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
NSC OPTO COUPL 
NSC OPTO COUPL 


O41E1 1129 
D415 1129 
D4iES 1129 
O41E5 1129 
D41E7 1129 
D41K2 1129 
L14G1 1337 


L14G2 1337 
L14G2 1337 
L14G2 1337 
L14G2 1337 
L14G2 1337 
L14G2 1337 
L14G1 1337 
L14G2 1337 
044C1 1147 
044C1 1147 


D44R1 1159 
D44R1 1159 
D44R1 1159 
D44R3 1159 
D44R2 1159 
D044R1 1159 
044R1 1159 


D44R2 1159 
044R1 1159 
D44R3 1159 
D44R3 1159 
D44R4 1159 
040E1 1109 
H11A5 1279 


H11A5 1279 
C137NX74 CF 


C137PX74 CF 
C137PBX74 CF 
C234A 880 
C234B 880 
C234C 880 
C2340 880 
C234E 880 
C234M 880 
C1478 799 
C147€ 799 
C1470 799 
Ci47E 799 
C147M 799 
C147N 799 
C147P 799 
C147PA 799 
C147PB 799 
C1478 799 
C1477 799 
C1478 799 
c147€ 799 


Suggested GE 
Replacement 


Type Mfg.| Prod. Line | Page| Type Page 
NL577D NLC45S NAT SCR C45S 689 
NL577E NAT SCR NLC45T NAT SCR C45T 689 
NL577M NAT SCR NLC46A NAT SCR C46A 689 
NL577N NAT SCR NLC46B NAT SCR C46B 689 
NL577P NAT SCR NLC46C NAT SCR C46C 689 
NL577PA NAT SCR NLC46D NAT SCR C46D 689 
NLS77PB NAT SCR NLC46E NAT SCR C46E 689 
NL577S NAT SCR NLC46G NAT SCR C46G 689 
NL577T NAT SCR NLC46H NAT SCR C46H 689 
NL578B NAT SCR NLC46M NAT SCR C46M 689 
NL5780 NAT SCR NLC46N NAT SCR C46N 689 
NL578E NAT SCR NLC46P NAT SCR C46P 689 
NL578M NAT SCR NLC46PA NAT SCR C46PA 689 
NL578N NAT SCR NLC46PB NAT SCR C46PB 689 
NL578P NAT SCR NLC46S NAT SCR C46S 689 
NL578PA NAT SCR NLC46T NAT SCR C46T 689 
NLS578PB NAT SCR NL-1580 NAT SCR €390/C391 936 
NL578S NAT SCR NL-578 NAT SCR C147 799 
NL578T NAT SCR NL-579 NAT SCR C147 799 
NLS579B NAT SCR NL-C 150 NAT SCR C150 818 
NL579C NAT SCR NL-C151 NAT SCR C155 823 
NL579D NAT SCR NL-C152 NAT SCR C152 818 
NL579E NAT SCR NL-C153 NAT SCR C157 823 
NL579M NAT SCR NL-C154 NAT SCR C154 823 
NL579N NAT SCR NL-C155 NAT SCR C155 823 
NL579P NAT SCR NL-C156 NAT SCR C156 823 
NLS79PA NAT SCR NL-C157 NAT SCR C157 823 
NL579PB NAT SCR NL-C178 NAT SCR C180 842 
NL579S NAT SCR NL-C180 NAT SCR C180 842 
NL579T NAT SCR NL-C181 NAT SCR C180 842 
NLC135A NAT SCR C137AX49 NL-C185 NAT SCR C185 851 
NLC135B NAT SCR C137BX49 NL-C350 NAT SCR C350 886 
NLC 135C NAT SCR C137CX49 NL-C354 NAT SCR C354 891 
NLC135D NAT SCR C137DX49 NL-C355 NAT SCR C355 891 
NLC135E NAT SCR C137EX49 NL-C380 NAT SCR C380 912 
NLC 135M NAT SCR C137MX49 NL-C385 NAT SCR C385 921 
NLC135N NAT SCR C137NX49 NL-C45 NAT SCR C45 689 
NLC135S NAT SCR C137SX49 NL-C46 NAT SCR C46 689 
NLC35A NAT SCR C35A NL-C501 NAT SCR €390/C391 936 
NLC35B NAT SCR C35B NL-C50 NAT SCR c50 707 
NLC35C NAT SCR C35C NL-C52 NAT SCR C52 818 
NLC35D NAT SCR C35D NL-C55 NAT SCR C154 823 
NLC35E NAT SCR C35E NL-C56 NAT SCR C156 823 
NLC35G NAT SCR C35G NL-C601 NAT SCR C440/C441 966 
NLC35H NAT SCR C35H NL-C60 NAT SCR C60 712 
NLC35M NAT SCR C35M NL-C62 NAT SCR C62 712 
NLC35N NAT SCR C35N NL-F 150 NAT SCR C150 818 
NLC35S NAT SCR C35S NL-F151 NAT SCR C155 823 
NLC36A NAT SCR C36A NL-F152 NAT SCR C152 823 
NLC36B NAT SCR C36B NL-F153 NAT SCR C157 823 
NLC36C NAT SCR C36C NL-F154 NAT SCR C154 823 
NLC36D NAT SCR C36D NL-F155 NAT SCR C155 823 
NLC36E NAT SCR C36E NL-F156 NAT SCR C156 823 
NLC36G NAT SCR C36G NL-F157 NAT SCR C157 823 
NLC36H NAT SCR C36H NL-F158 NAT SCR C158 830 
NLC36M NAT SCR C36M NL-F159 NAT SCR C159 830 
NLC36N NAT SCR C36N NL-F180 NAT SCR C180 842 
NLC36S NAT SCR C36S NL-F185 NAT SCR C185 851 
NLC37A NAT SCR C37A NL-F358 NAT SCR C358 898 
NLC37B NAT SCR C37B NL-F380 NAT SCR C380 912 
NLC37C NAT SCR C37¢ NL-F385 NAT SCR C385 921 
NLC37D NAT SCR C370 NL-F390 NAT SCR C390 936 
NLC37E NAT SCR C37E NL-F394 NAT SCR C394 947 
NLC37M NAT SCR C37M NL-F395 NAT SCR C395 947 
NLC38A NAT SCR C38A NL-F397 NAT SCR C397 958 
NLC38B NAT SCR C38B NL-F398 NAT SCR C398 958 
NLC38C NAT SCR C38C NL-F701 NAT SCR €701/C450 1029 
NLC38D NAT SCR C380 OP 130 OPI = IRLED LED56 1347 
NLC38E NAT SCR C38E OP 131 OPI IRLED LED55B 1347 
NLC38G NAT SCR C38G OP132 OPI IRLED LED55C 1347 
NLC38H NAT SCR C38H OP 133 OP! IRLED LEDS5C 1347 
NLC40A NAT SCR C140AX158 OPB120 OP| OPTO COUPL H13A1 1309 
NLC40B NAT SCR C140BX158 OPB242 OP! OPTO COUPL H13A1 1309 
NLC40C NAT SCR C140CX158 OPB243 OP! OPTO COUPL H13B4 1311 
NLC40D NAT SCR C1400X158 OPB800 OP! OPTO COUPL H13A1 1309 
NLC40E NAT SCR C139E10E OPB800S OPt OPTO COUPL H13A1 1309 
NLC40G NAT SCR C1408X158 OPB803 OPI OPTO COUPL H13B1 1311 
NLC40H NAT SCR C140CX158 OPB806 OP! OPTO COUPL H13A1 1309 
NLC45A NAT SCR C45A OPB813 OP! OPTO COUPL H13A1 1309 
NLC45B NAT SCR C45B OPB814 OPI OPTO COUPL H13B1 1311 
NLC45C NAT SCR C45C OPI2150 OP! OPTO COUPL H11A4 1277 
NLC450 NAT SCR C45D OPI2151 OP! OPTO COUPL H11A4 1277 
NLC45€ NAT SCR C45E OPI2152 OP! OPTO COUPL H11A2 1275 
NLC45G NAT SCR C45G OPI2153 OP! OPTO COUPL H11A1 1275 
NLC45H NAT SCR C45H OPI2250 OP! OPTO COUPL H11A3 1277 
NLC45M NAT SCR C45M OPI2251 OP! OPTO COUPL H11A3 1277 
NLC45N NAT SCR C45N OPI2252 OP! OPTO COUPL H11A3 1277 
NLC45P NAT SCR C45P 0PI2253 OP! OPTO COuPL HITAT 1275 
NLC45PA NAT SCR C45PA OPI3150 OP! OPTO COUPL H11B2 1293 

OPI3151 OP! OPTO COUPL H11B2 1293 


NLC45PB NAT SCR C45PB 


CF = CONTACT FACTORY 
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Suggested GE 
Replacement 
yee [tg Pros.tine [Pace] Tyre [Pave | 


OPI3 152 OP| OPTO COUPL 
OPI3 183 OPi OPTO COUPL 
OPI3251 OPI OPTO COUPL 
OPI3252 OP! OPTO COUPL 
OPI3253 OP! OPTO COUPL 
PA SERIES - 1432 


C229FX11 
C229FX11 


C229EX11 
C229EX11 


SCR 
PSIBD125 RECTIFIER A180 
PSIBD150 PS| RECTIFIER A180 
PSIC 160 PSI SCR C185/C 186 851 
PSIC235 PSI SCR C185/C186 851 
PSICD160 PSI RECTIFIER A190 643 
PSICD250 PSi RECTIFIER A190 643 
PSIF 180 PSI SCR C€390/C391 936 
PSIF220 PSI SCR 
PSIF300 PSI SCR 
PSIF400 PSI SCR 
PSIF500 Psi SCR C€390/C391 
PSIF600 PSI SCR C390 936 
PSIFD600 PSI RECTIFIER A430/A540 600 
PSIFD900 PSI RECTIFIER A430/AS40 600 
PSIG300 Psi SCR 
PSIG400 PSI SCR 
PSIG500 Psi SCR 
PSIG650 PSt SCR 
PSIG850 PSI SCR 
PSIG950 PSI SCR 
PSIGD 1400 PSI RECTIFIER 
PSiGD800 PSI RECTIFIER 
PSIH1000 PS! SCR C450/C451 
PSIH 1200 Ps! SCR C450/C451 CF 
PSIH1400 Pst SCR C€450/C451 CF 
PSIH1600 PSI SCR C450 CF 
PSIH 1800 PSI SCR C450 CF 
PSIH2000 PS} SCR C450 CF 
PSIH800 PSI SCR C450/C451 CF 
PSIHD 1500 PSI RECTIFIER A570/A640 
PTO10 HUT TRIAC 
PTO15 HUT TRIAC 
PTO25 HUT TRIAC 
PT030 HUT TRIAC 
PTO40 HUT TRIAC 
PTOG HUT TRIAC 
PTO8 HUT TRIAC 
PT110 HUT TRIAC 
PT115 HUT TRIAC 
PT125 HUT TRIAC 
PT130 HUT TRIAC 
PT140 HUT TRIAC 
PT1544 PWR TRAN 
PT 1545 PWR TRAN 
PT1558 PWR TRAN 
PT 1559 PWR TRAN 
PT16 HUT TRIAC 
PT18 HUT TRIAC 
PT210 HUT TRIAC 
PT215 HUT TRIAC 
PT225 HUT TRIAC 
PT230 HUT TRIAC 


TRIAC 


CF= CONTACT FACTORY 
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Prod. Line 


PT2525A 
PT2620 


Q2001L4 


Q2001M 
Q2001P 
Q200313 
Q2003L4 
Q2003P3 
Q2003P 
Q2004A 
Q2004B 
Q2004L4 
Q2004R4 


Q2006A 
Q2006B 
020066 
Q2006H 
Q2006L4 
Q2006N 
Q2006R4 
Q2008A 
Q20088 
Q2008G 


Q2008H 
Q2008L4 
Q2008N 
Q2008R4 
Q2010A 
Q2010B 
Q2010G 
Q2010H 
Q2010L4 
Q2010N 


Q2010R4 
Q2015A 
Q20158 
Q2015G 
Q2015H 
Q2015N 
Q2015R5 
Q2025C 
Q2025D 
Q2025G 


PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
TRIAC 

TRIAC 

TRIAC 


TRIAC 
TRIAC 
TRIAC 
TRIAC 
PWR TRAN 
PWR TRAN 


Suggested GE 
Replacement 


SC 140BX125 
$C 141BX125 


SC240B4 
$C240B2 
$C241B 
$C240B 

$C 140BX125 


SC245B 
§C142BX125 
SC245B2 

$C 143BX125 


S' 
§C147BX125 
SC245B2 


$C 146BX125 


$C261B 


Q2025H 
Q2025N 
Q2040C 
Q2040D 
Q4001L4 
Q4001M 
Q4001P 
Q4003L3 
Q4003L4 
04003P3 


Q4003P 
Q4004A 
Q4004B 
Q4004L4 
Q4004R4 
Q4006A 
Q40068 
Q4006G 
Q4006H 
Q4006L4 


Q4006N 
Q4006R4 
Q4008A 
Q4008B 
Q4008G 
04008H 
Q4008L4 
Q4008N 
Q4008R4 
Q4010A 


Q4010B 
Q4010G 
Q4010H 
Q4010L4 
Q4010N 
Q4010R4 
Q4015A 
Q4015B 
Q4015G 
Q4015H 


Q4015N 
Q4015R5 
Q4025C 
Q4025D 
Q4025G 
Q4025H 
Q4025N 
Q4040C 
Q4040D 
Q5004A 


Q5004B 
Q5004L4 
Q5004R4 
Q5006A 
as006B8 
Q5006G 
Q5006H 
Q5006L4 
Q5006N 
Q5006R4 


Q5008A 
Q5008B 
Q5008G 
Q5008H 
Q50081.4 
Q5008N 
Q5008R4 
Q5010A 
Q5010B 
Q5010G 


Q5010H 
Q5010L4 
Q5010N 
Q5010R4 
Q5015A 
Q5015B 
Q5015G 
Q5015H 
Q5015N 
Q5015R5 


Q5025C 
Q5025D 
Q5025G 
Q5025H 
Q5025N 
Q5040C 
Q50400 
Q6004A 
Q6004B 
Q6004L4 


CF = CONTACT FACTORY 


TRIAC 
TRIAC 


TRIAC 
TRIAC 


TRIAC 
TRIAC 
TRIAC 


TRIAC 


TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 


TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 


TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 


SC2608 
SC260B2 
$C26584 
SC26582 
$C136D 
SC1360 
$C 1360 
$C140D 
$C 1400X125 
$C1360 


SC136D 
SC240D4 
SC240D2 
SC140DX125 
$C1410X125 
SC240D4 
$C€24002 
$C241D 
$C2400 
$C140DX125 


$C24002 
$C141DX125 
$C24504 
SC245D2 
SC246D 
$C245D 
SC 1420X125 
SC245D2 
SC1430X125 
SC245D4 


SC245D2 
SC2460 
$C245D 
$C 1470x125 
$C245D2 
SC 1460X125 
SC250D4 
S$C250D2 
$C251D 
SC250D 


$C25002 
$C151D 

$C260D4 
SC260D2 
S$C261D 

$C260D 

$C260D2 
SC265D4 
$C265D02 
$C240E4 


SC240E2 

SC 140EX125 
SC141EX126 
SC240E4 
SC240E2 
SC241E 
SC240E 

SC 140EX125 
$C240E2 
SC141EX125 


SC245E4 
SC245€2 
SC246E 
SC245E 
$C142EX125 
SC245E2 
SC143EX125 
SC245E4 
SC245€2 
SC246E 


SC245E 
SC147EX125 
SC245E2 
SC 146EX 125 
SC250E4 
SC250E2 
SC251E 
SC250E 
SC250E2 
SC151E 


SC260E4 


Suggested GE 
Replacement 
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Suggested GE 
Replacement 


Prod. Line 
TRIAC 


SC 141MX125 


Q6006A TCE TRIAC SC240M4 1393 
a6006B TCE TRIAC $C240M2 1393 
060066 TCE TRIAC SC241M 1393 
a6006H TCE TRIAC SC240M 1393 
Q6006L4 TCE TRIAC SC140MX125 CF 
Q6006N TCE TRIAC $C240M2 1393 
a6006R4 TCE TRIAC SC141MX125 CF 
Q6008A TCE TRIAC SC245M4 1393 
060088 TCE TRIAC $C245M2 1393 
a6o08G TCE TRIAC SC246M 1393 
Q6008H TCE TRIAC SC245M 1393 
600814 TCE TRIAC $C142MX125 CF 
Q6008N TCE TRIAC SC245M2 1393 
a6oosr4 TCE TRIAC $C143MX 125 CF 
Q6010A TCE TRIAC SC245M4 

060108 TCE TRIAC 

060106 TCE TRIAC 

060 10H TCE TRIAC 

a6010L4 TCE TRIAC SC147MX125 

Q6010N TCE TRIAC SC245M2 1393 
60 10R4 TCE TRIAC SC146MX125 CF 
Q6015A TCE TRIAC 

Q6015B TCE TRIAC 

060156 TCE TRIAC 

6015H TCE TRIAC 

Q6015N TCE TRIAC 

Q6015R5 TCE TRIAC 

06025¢ TCE TRIAC 

6025D TCE TRIAC 

060256 TCE TRIAC 

060254 TCE TRIAC 

Q6025N TCE TRIAC 

a6040¢ TCE TRIAC 

060400 TCE  TRIAC 

R502*'08 WEST RECT 

R502"*10 WEST RECT 

R600**20 WEST RECT 

R6QO"*25 WEST RECT 

A602"*20 WEST RECT 

R6O2"*25 WEST RECT 

AG 10"*20 WEST RECT 

AB 10"*25 WEST RECT 

R620"*30 WEST RECT 

R620°*40 WEST RECT 

R622"*35 WEST RECT 

R622"*40 WEST RECT 397 

A720°*06 WEST RECT A430/A540 

R720"*09 WEST RECT A430/ 600 
A720°"12 WEST RECT A570/A640 613 
R722**05 WEST RECT A437 803 
R722°*06 WEST RECT A437 603 
R722°*08 WEST RECT AG96 616 
R920" 11 WEST RECT A570/A640 613 
RCA 105 PWR TRAN D 

ACA205 PWR TRAN 

RCA29 PWR TRAN 

RCA2GA PWR TRAN 

ACA29B PWR TRAN 

RCA30 PWR TRAN 

ACA30A PWR TRAN 

ACA30B PWR TRAN 

RCA31 PWR TRAN 

RCA 1A PWR TRAN 

ACA31B PWR TRAN 

RCA32 PWR TRAN 

ACA32A PWR TRAN 

ACA32B PWR TRAN 

RCA370 PWR TRAN 

RCA3T1 PWR TRAN 

RCAAI PWR TRAN 

RCAAIA PWR TRAN 

ACA41B PWR TRAN 

RCA42 PWR TRAN 

RCA42A PWR TRAN 

ACA42B PWR TRAN 

RCA520 PWR TRAN 

RCAS21 PWR TRAN 

RM3005 PWR TRAN 

RM3022 PWR TRAN 

AT116 


PWR TRAN 
RTBO103 TEC SCR 
RTBO106 TEC SCR 
RTBO110 TEC SCR 
RTBO120 TEC SCR 
RTB0130 TEC SCR 
RTBO140 TEC SCR 
RTCO103 TEC SCR 
RTCO106 TEC SCR 
RTCO110 


Suggested GE 


Suggested GE 
Replacement 


Replacement 

ive [ws [Prod.tine [Pose] Type [Pee | glean 
RTCO120 TEC SCR C1038 716 RTSO605 C232FX245 CF 
RTCO130 TEC SCR C103C 716 RTS0610 TEC SCR C232AX245 CF 
RTCO140 TEC SCR C103D 716 RTSO620 TEC SCR €232BX245 CF 
RTJO103 TEC SCR C203Y 858 RTS0630 TEC SCR C232CX245 CF 
RTJO106 TEC SCR C203YY 858 ATSO640 TEC SCR C232DX245 CF 
RTJO110 TEC SCR C203A 858 RTSO650 TEC SCR C232EX245 CF 
RTJO120 TEC SCR C203B 858 RTSO660 TEC SCR C232MX245 CF 
RTJO130 TEC SCR C203C 858 RTSO702 TEC SCR 
RTJO140 TEC SCR €203D 858 RTSO705 TEC SCR 
RTJO201 TEC SCR C2030 858 RTSO7 10 TEC SCR 
RTJO203 TEC SCR C203Y 858 RTSO720 TEC SCR 
RTJO206 TEC SCR C203YY 858 RTSO730 TEC SCR 
RTJO210 TEC SCR C203A 858 RTSO740 TEC SCR 
RTJO215 TEC SCR C203G 858 RTSO750 TEC SCR 
RTJO220 TEC SCR C203B 858 RTSO760 TEC SCR 
RTJO225 TEC SCR C203C 858 RTS 1002 TEC SCR 
RTJO230 TEC SCR €203C 858 RTS 1005 TEC SCR 
RTL1510 TEC SCR 2J436A CF RTS1010 TEC SCR 
RTL1520 TEC SCR 2J436B CF RTS 1020 TEC SCR 
RTL1540 TEC SCR 245436D CF RTS 1040 TEC SCR 
RTL1560 TEC SCR 2J436M CF RTS 1060 TEC SCR C222M 
RTNO102 TEC SCR C15U 671 RTS 1605 TEC SCR C232FX201 CF 
RTNO105 TEC SCR C1SF 671 RTS1610 TEC SCR €232AX201 CF 
RTNO110 TEC SCR C1BA 671 RTS 1620 TEC SCR C232BX201 CF 
RTNO120 TEC SCR C15B 671 RTS1640 TEC SCR €232DX201 CF 
RTNO130 TEC SCR C15C 671 RTS 1660 TEC SCR €232MX201 CF 
RTNO140 TEC SCR C15D 671 RTS2505 TEC SCR 8 
RTNO150 TEC SCR C15E 671 RTS25 10 TEC SCR 
RTNO160 TEC SCR C15M 671 RTS2520 TEC SCR 
RTNO202 TEC SCR €220U 862 RTS2540 TEC SCR 
RTNO205 TEC SCR C220F 862 RTS2560 TEC SCR 
RTNO210 TEC SCR C220A 862 RTTO502 TEC SCR 
RTNO220 TEC SCR C2208 862 RTTO505 TEC SCR 
RTNO230 TEC SCR C220 862 RTTO5 10 TEC SCR 
RTNO240 TEC SCR C220D 862 RTT0520 TEC SCR 
RTNO250 TEC SCR C220E 862 RTTO530 TEC SCR 
RTNO260 TEC SCR 220M 862 RTTO540 TEC SCR 
RTNO302 TEC SCR €220U 862 RTTO550 TEC SCR 
RTNO305 TEC SCR C220F 862 RTTO560 TEC SCR 
RTNO310 TEC SCR C220A 862 RTT2505 TEC SCR 
RTNO320 TEC SCR C220B 862 RTT25 10 TEC SCR 
RTNO330 TEC SCR C220C 862 RTT2520 TEC SCR 
RTNO340 TEC SCR C2200 862 RTT2540 TEC SCR 
RTNO350 TEC SCR C220E 862 RTT2560 TEC SCR 
RTNO360 TEC SCR C220M 862 RTUO102 TEC SCR 
ATNO802 TEC SCR C15U 671 RTUO105 TEC SCR 
RTNO805 TEC SCR C15F 671 RTUO110 TEC SCR 
RTNO810 TEC SCR C15A 671 RTUO120 TEC SCR 
RTNO820 TEC SCR C158 671 RTUO130 TEC SCR 
RTNO840 TEC SCR C15D 671 RTUO140 TEC SCR 
RTNO860 TEC SCR C15M 671 RTUO150 TEC SCR 
RTRO202 TEC SCR C122U 747 RTUO160 TEC SCR 
RTRO205 TEC SCR C122F 747 RTUO202 TEC SCR 
RTRO210 TEC SCR C122A 747 RTUO205 TEC SCR 
RTRO220 TEC SCR C122B 747 RTU0210 TEC SCR 
RTRO230 TEC SCR C122 747 RTU0220 TEC SCR 
RTRO240 TEC SCR C122D 747 RTU0230 TEC SCR 
RTRO250 TEC SCR C122E 747 RTUO240 TEC SCR 
RTRO260 TEC SCR 122M 747 RTUO250 TEC SCR 
RTRO3O2 TEC SCR C122U 747 RTU0260 TEC SCR 
RTRO3OS TEC SCR C122F 747 RTUOGO2 TEC SCR C230UX245 
RTRO3 10 TEC SCR C122A 747 RTUO605 TEC SCR C230FX245 CF 
RTRO320 TEC SCR C1228 747 ATU0610 TEC SCR C230AX245 CF 
RTRO330 TEC SCR C122C 747 RTUO620 TEC SCR €230BX245 CF 
RTRO340 TEC SCR C1220 747 RTUO630 TEC SCR €230CX245 CF 
RTRO350 TEC SCR C122E 747 RTUO640 TEC SCR C230DX245 CF 
RTRO360 TEC SCR C122M 747 RTUOG5O TEC SCR C230EX245 CF 
RTRO620 TEC SCR C122B2 747 RTUO66O TEC SCR C230MX245 CF 
RTROGGO TEC SCR C122M2 747 RTUO705 TEC SCR 
RTR1005 TEC SCR C126F2 763 RTUO7 10 TEC SCR 
RTR1010 TEC SCR C126A2 763 RTUO720 TEC SCR 
RTR1020 TEC SCR C126B2 763 RTU0730 TEC SCR 
RTR1040 TEC SCR C126D2 763 RTUO740 TEC SCR 
RTR1060 TEC SCR C126M2 763 RTUO750 TEC SCR 
RTSO202 TEC SCR €222U 862 RTUO760 TEC SCR 
RTSO205 TEC SCR C222F 862 RTU1005 TEC SCR 
RTS0210 TEC SCR C222A 862 RTU1010 TEC SCR 
RTS0220 TEC SCR C222B 862 RTU 1020 TEC SCR 
RTS0230 TEC SCR €222C 862 RTU1040 TEC SCR 
RTSO240 TEC SCR €222D 862 ATU 1060 TEC SCR 
RTSO250 TEC SCR C222€ 862 RTU 1605 TEC SCR C230FX201 CF 
RTSO260 TEC SCR C222M 862 ATU1610 TEC SCR C230AX201 CF 
RTSOS02 TEC SCR €222UX304 CF RTU1620 TEC SCR C230BX201 CF 
RTSOS05 TEC SCR C222FX304 CF RTU1640 TEC SCR C230DX201 CF 
RTSO5 10 TEC SCR €222AX304 CF RTU 1660 TEC SCR C230MX201 CF 
RTSO520 TEC SCR €2228X304 CF RTU2505 TEC SCR C228F 868 
RTSO530 TEC SCR €222CX304 CF RTU25 10 TEC SCR C228A 868 
RTSO540 TEC SCR C2220X304 CF RTU2520 TEC SCR C228B 868 
RTSO550 TEC SCR C222EX304 CF RTU2540 TEC SCR C2280 868 
RTSO602 TEC SCR C232UX245 CF RTU2560 TEC SCR C228M 868 


CF = CONTACT FACTORY 
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Type 


S0300K 
$0300KS1 
$0300KS2 
$0300KS3 
$0301M 
S0301MS2 
$0301MS3 
$0303M 
$0303MS1 
$0303MS2 


$0303MS3 
$0303R 
$0303RS1 
$0303RS2 
$0303RS3 
$0306B 
$0306G 
$0306H 
SO306L 
$0308B 


S0308G 
50308H 
SO308L 
$0310B 
$0310G 
$0310H 
$0310L 
$03168 
$0316G 
$03 16H 


$0325B 
$0325G 
S0325H 
$0335G 
$0335H 
SO500K 
$0500KS1 
SO500KS2 
SO500KS3 
SO501M 


S0501MS2 
S0501MS3 
$0503M 
S0503MS1 
$0503MS2 
$0503MS3 
S$05068 
S0506G 
SO506H 
SO506L 


S05088 
S$0508G 
$0508H 
SO508L 
S05 10B 
$05 10G 
$05 10H 
$05 10L 
$05 168 
$0516G 


S05 16H 


$1000KS1 
$1000KS2 


$1000KS3 
$1001M 
$1001MS2 
$1001MS3 
$1003M 
$1003MS1 
$1003MS2 
$1003MS3 
$1003RS1 
$1003RS2 


$1003RS3 
$1006B 
$1006G 
$1006H 
S1006L 
$10088 
$1008G 
$1008H 
$1008L 
$1010B 


CF = CONTACT FACTORY 


ws Poa: Line[Paae 


SCR 


Suggested GE 
Replacement 


Type 


C103YX 180 
C103YX180 
C103Y 
C103YX 193 
C6F 


C5F 

C6F 
C107Y1X1 
C106Y1X177 
C106Y1 


C107Y1 
C107Y1X1 
C106Y2X177 
C106Y2 
C107¥2 
C220U2 
C222U 
€220uU 
C122uU 
€220U2 


C222U 
C220U 
€122U 
C220U2 
C€222U 
€220U 
C123F 
C230U2 
€232U 
C230U 


€230U2 
€232uU 
C230U 
C229U 
C228U 
C103YYX193 
C103YYX180 
C103YY 
C103YYX 193 
C6F 


COF 

C6F 

C107F 1X1 
C106F1X177 
Ci06F1 
C107F1 
C220F2 
C222F 
C220F 
C122F 


C220F2 
C222F 
C220F 
C122F 
C220F2 
C2226 
C220F 
C123F 
C230F2 
C232F 


C230F 
C230F2 
C232F 
C230F 
C229F 
C228F 
042C1 
C103AX193 
C103AX 180 
C103A 


C103AX193 
C6A 


C5A 

C6A 
C107A1X1 
C106A1X177 
C106A1 
C107A1 
C106A1X177 
C1i06A1 


C107A1 
C220A2 
C222A 
C220A 
C1220 
C220A2 
C222A 
C220A 
Ci22A 
C220A2 


716 


39 


Type 


$1010G 
$1010H 
$1010L 
$1016B 
$1016G 
$1016H 
$1016L 
$1025B 
$1025G 
$1025H 


$1035G 


S106M1 
$106M2 
$106M 
$1060 
$ 106-05 
$106-1 
$106-2 
$106-4 
$106Y1 
$106Y2 


S$106Y 

$107A1 
$107A2 
$107B1 
$107B2 
$107C1 
$107C2 
$107D1 
$107D2 
$107E1 


S107E2 
$107F1 
StO7F2 
S107M1 
$107M2 
$ 107-05 
$107-1 

$107-2 

$107-4 

$107Y1 


$107Y2 
S1N1189 
S1N1204A 
S1N1616 
S1N3911 
$2000K 
$2000KS1 
$2000KS2 
$2000KS3 
$2001M 


$2001MS2 
$2001MS3 
$2003M 
$2003MS1 
$2003MS2 
$2003MS3 
$2003RS1 
$2003RS2 
$2003RS3 
$2006B 


$2006G 
$2006H 
S2006L 
$2008B 
$2008G 
$2008H 
$2008L 
$2010B 
$2010G 
$2010H 


| Mtg.| Prod. Line | Page 


TCE 


Suggested GE 
Replacement 


Type 
SCR C222A 
SCR C220A 
SCR C123A 
SCR C230A2 
SCR C232A 
SCR C230A 
SCR ZJ436A 
SCR C232A2 
SCR C232A 
SCR C230A 
SCR C229A 
SCR C228A 
SCR C106A1 
SCR C106A2 
SCR C106A1 
SCR C106B1 
SCR C106B2 
SCR C106B1 
SCR C106C1 
SCR C106C2 
SCR C106C1 
SCR C106D1 
SCR C106D2 
SCR C106D1 
SCR C106E1 
SCR C106E2 
SCR C106E1 
SCR C106F 1 
SCR C106F2 
SCR C106F1 
SCR C106M1 
SCR C106M2 
SCR C106M1 
scr C106Q1 
SCR C108F1 
SCR C108A1 
SCR C108B1 
SCR €108D1 
SCR C106Y1 
SCR C1062 
SCR C106Y1 
SCR C107A1 
SCR C107A2 
SCR C10781 
SCR C107B2 
SCR c107C1 
SCR €107C2 
SCR €107D1 
SCR C107D2 
Scr C107E1 
SCR C107E2 
SCR C107F1 
SCR C107F2 
SCR C107M1 
SCR C107M2 
SCR C108F1 
SCR C108A1 
SCR C108B1 
SCR C108D1 
SCR €107Y1 
SCR c107Y2 
HI-REL REC CF 
HI-REL REC CF 
HI-REL REC CF 
HI-REL REC CF 
SCR €103BX193 
SCR C103BX180 
SCR C103B 
ScR C103BX193 
SCR C6B 
SCR C5B 
SCR C6B 
SCR C107B1X1 
SCR C1068 1X177 
SCR C106B1 
SCR C10781 
SCR C106B1X177 
SCR C106B1 
SCR C107B1 
SCR C220B2 
SCR C2228 
SCR C2208 
SCR C1228 
SCR C220B2 
SCR C2228 
SCR C2208 
SCR C1228 
SCR C220B2 
SCR C222B 
SCR C2208 


Suggested GE 
Replacement 


[ats | Pred Line [Pe Tipe [mia] Poa tine [Page| Tyee | Pave 
$2010L TCE SCR 123B 755 $5010B RCA SCR ZJ465B CF 
§2016B TCE SCR 230B2 874 $5010D RCA SCR Z7J4650 CF 
$2016G TCE SCR $5010M RCA SCR 7J465M CF 
§2016H TCE SCR S6000C RCA SCR C126C 763 
§20258 TCE SCR S6000E RCA SCR C126E 763 
$2025G TCE SCR S6000K TCE SCR C107M2X1 Cc 
§2025H TCE SCR S6000KS1 TCE SCR C106M2X177 c 
$2030G TCE SCR S6000KS2 TCE SCR C106M2 720 
§$2030H TCE SCR S6000KS3 TCE SCR C107M2 728 
§2060A RCA SCR $6000S RCA SCR C126S 763 
$2060B RCA SCR S6001M TCE SCR C107M1X1 c 
$2060C RCA SCR S6001MS1 TCE SCR C106M1X177 Cc 
$2060D RCA SCR $6001MS2 TCE SCR C106M1 720 
S$2060E RCA SCR $6001MS3 TCE SCR C107M1 728 
$2060F RCA SCR S$6003M TCE SCR C107M1X1 Cc 
$2060M RCA SCR $6003MS1 TCE SCR C©106M1X177 c 
§20600 RCA SCR $6003MS2 TCE SCR Cc1i06M1 720 
S2060Y RCA SCR $6003MS3 TCE SCR C107M1 728 
S2061A RCA SCR $6003RS1 TCE SCR C106M1X177 c 
$20618 RCA SCR §6003RS2 TCE SCR C106M1 720 
$2061C RCA SCR $6003RS3 TCE SCR C107M1 728 
§2061D RCA SCR $6006B TCE SCR C220M2 862 
$2061E RCA SCR $6006G TCE SCR C222M 862 
$2061F RCA SCR S6006H TCE SCR C220M 862 
$2061M RCA SCR S6006L TCE SCR C122M 747 
$20610 RCA SCR $6008B TCE SCR C220M2 862 
$2061Y RCA SCR $6008G TCE SCR C222M 862 
$2062A RCA SCR $6008H TCE SCR C220M 862 
$2062B RCA SCR S6008L TCE SCR C122M 747 
$2062C RCA SCR $6010B TCE SCR C220M2 862 
$2062D RCA SCR $6010G TCE SCR C222M 862 
$2062E RCA SCR $6010H TCE SCR C220M 862 
$2062F RCA SCR $6010L TCE SCR C123M 755 
$2062M RCA SCR $6016B TCE SCR C230M2 874 
§20620 RCA SCR $6016G TCE SCR C232M 874 
$2062Y RCA SCR S6016H TCE SCR C230M 874 
$2400A RCA SCR $6025B TCE SCR C230M2 874 
$2400B RCA SCR $6025G TCE SCR C232M 874 
$2400D RCA SCR $6025H TCE SCR C230M 874 
$2400M RCA SCR $6035G TCE SCR C229M 868 
$2600B RCA SCR S6035H TCE SCR C228M 868 
$2600D RCA SCR $6100C RCA SCR Z2J436C CF 
$2600M RCA SCR $6100E RCA SCR Z5436E CF 
$2610B RCA SCR $6100S RCA SCR 234368 CF 
§2610D RCA SCR S6200A RCA SCR C232A 874 
$2610M RCA SCR $62008 RCA SCR C232B 874 
$2620B RCA SCR $6200D RCA SCR C232D 874 
$2620D RCA SCR C122D $6200M RCA SCR C232M 874 
$2620M RCA SCR C122M 747 $6210A RCA SCR C230A 874 
§2800A RCA SCR C122A 747 $6210B RCA SCR C230B 874 
$2800B RCA SCR C122B 747 $6210D RCA SCR C2300 874 
§2800D RCA SCR C1220 747 $6210M RCA SCR C230M 874 
S2N491B GE HI-REL UJT CF $6220A RCA SCR C230A2 874 
$3700B RCA SCR C2348 880 $6220B8 RCA SCR C230B2 874 
$37000 RCA SCR C234D 880 $6220D RCA SCR C230D2 874 
$3700M RCA SCR C234M 880 $6220M RCA SCR C230M2 874 
$4000K TCE SCR C2030X193 CF $6230A RCA SCR C230A8 874 
S4000KS1 TCE SCR 'C203DX 180 CF $6230B RCA SCR C230B8 874 
$4000KS2 TCE SCR C203D 858 $6230D RCA SCR C€23008 874 
$4000S3 TCE SCR €2030X193 CF $6230M RCA SCR C230M8 874 
S4001M TCE SCR C6D 659 $6240A RCA SCR C230A4 874 
$4001MS2 TCE SCR C5D 653 $6240B RCA SCR C230B4 874 
$4001MS3 TCE SCR Cc6D 659 $6240D RCA SCR C230D4 874 
$4003M TCE SCR C107D1X1 Cc $6240M RCA SCR C230M4 874 
$4003MS1 TCE SCR C106D1X177 G. S6250A RCA SCR C230A6 874 
$4003MS2 TCE SCR C10601 720 $6250B RCA SCR C230B6 874 
$4003MS3 TCE SCR €107D1 728 $6250D RCA SCR C23006 874 
$4003RS1 TCE SCR €10601X177 c $6250M RCA SCR C230M6 874 
$4003RS2 TCE SCR C106D1 20 $6430A RCA SCR C228A8 868 
$4003RS3 TCE SCR €107D1 728 $6430B RCA SCR C228B8 868 
$4006B TCE SCR C220D2 862 $6430D0 RCA SCR C228D8 868 
$4006G TCE SCR C222D 862 $6430M RCA SCR C228M8 868 
S4006H TCE SCR C220D 862 $6430N RCA SCR C228N8 868 
S4006L TCE SCR C122D 747 $6431M RCA SCR C144M30M 791 
$4008B TCE SCR C220D2 862 S6440A RCA SCR C228A4 868 
$4008G TCE SCR C2220 862 $6440B RCA SCR C228B4 868 
$4008H TCE SCR C2200 862 $6440D RCA SCR C228D4 868 
$4008L TCE SCR C1220 747 $6440M RCA SCR C228M4 868 
$4010B TCE SCR €22002 862 S6440N RCA SCR C228N4 868 
$4010G TCE SCR C2220 862 S6450A RCA SCR C228A6 868 
$4010H TCE SCR C2200 862 $6450B RCA SCR C228B6 868 
$4010L TCE SCR €123D 755 $6450D RCA SCR C228D6 868 
$4016B TCE SCR C23002 874 $6450M RCA SCR C228M6 868 
$4016G TCE SCR C232D 874 S6450N RCA SCR C228N6 868 
S4016H TCE SCR C230D 874 $715 PWR TRAN D40E1 1109 
$4025B TCE SCR C230D02 874 $7410M RCA SCR C144M15M 791 
§4025G TCE SCR C232D 874 $7412M RCA SCR C139M10M 775 
§4025H TCE SCR C230D 874 $7430M RCA SCR C144M15M 791 
$4035G TCE SCR C2290 868 S8006H TCE SCR C37N 679 
$4035H TCE SCR C228D 868 $8008H TCE SCR 679 


Suggested GE 
Replacement 
Type [Page | 
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Suggested GE 
Replacement 


[wis] Pra. tine [Paoe| Tyee [Poae 


Type Mfg.| Prod. Line 
$8010H TCE SCR C37N 679 $C245M23,33 GE TRIAC 
$8016H TCE SCR C37N 679 $C245M2,3 GE TRIAC 
$801 PWR TRAN D42C1 1135 $C245M GE TRIAC 
$8025H TCE SCR C37N 679 $C246B12 GE = TRIAC 
$8035H TCE SCR C137N 775 $C246B13 GE TRIAC 
SC116 GE TRIAC SC246B GE TRIAC 
SC136A GE TRIAC $C246D12 GE -TRIAC 
$C 1368 GE TRIAC $C246D13 GE TRIAC 
$C136D GE  TRIAC SC246D GE = TRIAC 
SC137A GE SCR $C246E12 GE TRIAC 
$C1378 GE SCR SC246E13 GE = TRIAC 
$C137D GE SCR SC246E GE TRIAC 
$C140 GE TRIAC SC246M12 GE TRIAC 
SC141B GE  TRIAC $C246M13 GE = TRIAC 
$C141D GE TRIAC SC246M GE TRIAC 
SC141E GE —TRIAC $C250B12 GE = TRIAC 
SC141M GE‘ TRIAC $C250B13 GE TRIAC 
$C142B GE TRIAC $C250822,32 GE TRIAC 
$C142D GE -TRIAC §C250B23,33 GE = TRIAC 
$C142E GE TRIAC $C250B82,3 GE TRIAC 
SC142M GE TRIAC $C250B GE TRIAC 
$C143 GE = TRIAC $C250D12 GE TRIAC 
SC146B GE = TRIAC $C250D13 GE = TRIAC 
SC146D GE = TRIAC $C250D22,32 GE TRIAC 
SC146E GE TRIAC $C250D23,33 GE TRIAC 
SC146M GE —-TRIAC $C250D2,3 GE TRIAC 
$C147 GE TRIAC $C250D GE TRIAC 
$c149 GE TRIAC $C250E12 GE TRIAC 
SC 1518 GE TRIAC $C250E13 GE TRIAC 
SC151D GE TRIAC $C250E22,32 GE TRIAC 
SC151E GE -TRIAC $C250E23,33 GE TRIAC 
SC151M GE = TRIAC $C250E2,3 GE  TRIAC 
SC 160 GE ~~ TRIAC SC250E GE TRIAC 
$C240812 GE‘ TRIAC $C250M12 GE ——TRIAC 
$C240B13 GE TRIAC $C250M13 GE TRIAC 
$C240B22,32 GE TRIAC $C250M22,32 GE TRIAC 
§C240B23,33 GE = TRIAC $C250M23,33 GE TRIAC 
$C24082,3 GE —TRIAC $C250M2,3 GE -TRIAC 
$C240B GE = TRIAC SC250M GE = TRIAC 
$C240D12 GE TRIAC $C251B12 GE TRIAC 
$C240D13 GE = TRIAC §C251B13 GE TRIAC 
$C240D22,32 GE TRIAC $C251B GE TRIAC 
$€240D23,33 GE = TRIAC §C251D12 GE TRIAC 
$C240D2,3 GE —-TRIAC $C251D13 GE = TRIAC 
$C240D GE = TRIAC $C251D GE TRIAC 
SC240E12 GE = TRIAC SC251E12 GE  TRIAC 
$C240E13 GE —-TRIAC SC251E13 GE  TRIAC 
$C240E22,32 GE —TRIAC SC251E GE TRIAC 
$C240E23,33 GE = TRIAC $C251M12 GE —_-TRIAC 
$C240E2,3 GE TRIAC SC251M13 GE TRIAC 
SC240E GE = TRIAC $C251M GE = TRIAC 
$C240M12 GE = TRIAC $C260B12 GE TRIAC 
$C240M13 GE = TRIAC $C260B13 GE = TRIAC 
$C240M22,32 GE = TRIAC $C260822, 32 GE TRIAC 
$C240M23,33 GE TRIAC $C260B23, 33 GE TRIAC 
$C240M2,3 GE TRIAC $C260B2, 3 GE TRIAC 
SC240M GE = TRIAC $C260B GE  TRIAC 
$C241B12 GE = TRIAC §C260D12 GE  TRIAC 
$C241B13 GE = TRIAC $C260D13 GE = TRIAC 
$C241B GE TRIAC $C260D22, 32 GE TRIAC 
$C241012 GE TRIAC $C260023,33 GE —TRIAC 
$C241D13 GE TRIAC $C260D2, 3 GE  TRIAC 
$C241D GE TRIAC $C260D GE  TRIAC 
$C241E12 GE = TRIAC SC260E12 GE = TRIAC 
$C241E13 GE TRIAC SC260E13 GE TRIAC 
SC241E GE TRIAC $C260E22, 32 GE TRIAC 
S$C241M12 GE TRIAC $C260E23, 33 GE TRIAC 
SC241M13 GE —TRIAC SC260E2, 3 GE -TRIAC 
SC241M GE TRIAC $C260E GE —-TRIAC 
$C245B12 GE = TRIAC $C260M12 GE TRIAC 
SC245B13 GE —TRIAC $C260M13 GE = TRIAC 
$C245B22,32 GE = TRIAC $C260M22, 32 GE TRIAC 
$C245823,33 GE —-TRIAC $C260M23, 33 GE TRIAC 
$C245B2,3 GE  TRIAC SC260M2, 3 GE TRIAC 
$C245B GE TRIAC SC260M GE TRIAC 
$C245D12 GE TRIAC $C261B12 GE = TRIAC 
$C245D13 GE TRIAC $C261B13 GE  TRIAC 
$C245D22,32 GE -TRIAC $C261B GE = TRIAC 
$C245D23,33 GE = TRIAC $C261D12 GE — TRIAC 
$C245D2,3 GE = TRIAC $C261D13 GE TRIAC 
SC245D GE —-TRIAC $C261D GE TRIAC 
S$C245E12 GE  TRIAC $C261E12 GE = TRIAC 
SC245E€13 GE TRIAC $C261E13 GE TRIAC 
$C245E22,32 GE TRIAC SC261E GE = TRIAC 
$C245E23,33 GE = TRIAC SC261M12 GE TRIAC 
SC245E2,3 GE = TRIAC SC261M13 GE TRIAC 
SC245E GE -TRIAC SC261M GE TRIAC 
$C245M12 GE  TRIAC SC265B2,3 GE TRIAC 
$C245M13 GE TRIAC SC265B GE TRIAC 
§C245M22,32 GE —- TRIAC $C265D2,3 GE TRIAC 
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Suggested GE 
Replacement 


Mfg.| Prod. Line 


$C265D TRIAC 1393 $DT3725 PWR TRAN 

S$C265E2,3 GE TRIAC 1393 $DT3726 PWR TRAN 

SC265E GE = TRIAC 1393 $0T3727 PWR TRAN 

SC265M2,3 GE = TRIAC 1393 $0T3729 PWR TRAN 

SC265M GE —-TRIAC 1393 SDT3730 PWR TRAN 

SC2668 GE  TRIAC 1393 §073733 PWR TRAN 

$C266D GE —-TRIAC 1393 S$0T3775 PWR TRAN 

SC266E GE —-TRIAC 1393 §DT3776 PWR TRAN 

SC266M GE = TRIAC 1393 $0T3778 PWR TRAN 

SC40B GE = TRIAC 1393 $0T4301 PWR TRAN 

$C400 GE —_-TRIAC 1393 $0T4302 PWR TRAN 

SC40E GE TRIAC 1393 $DT4304 PWR TRAN 

SC41B GE TRIAC 1393 §D0T4305 PWR TRAN 

$C410 GE TRIAC 1393 §DT4307 PWR TRAN 

SC41E GE = TRIAC 1393 S$DT4308 PWR TRAN 

SC45B GE = TRIAC 1393 $0T4310 PWR TRAN 

SC450 GE = TRIAC 1393 $0T4311 PWR TRAN 

SC45E GE = TRIAC 1393 SDT4455 PWR TRAN 

SC46B GE = TRIAC 1393 S0T4483 PWR TRAN 

SC46D GE = TRIAC 1393 S$DT4551 PWR TRAN 

SC46E GE —-TRIAC 1393 SDT4553 PWR TRAN 

SC50B GE = TRIAC 1393 SO0T4583 PWR TRAN 

SC50D GE = TRIAC 1393 SOT4611 PWR TRAN 

SC50E GE TRIAC 1393 SDT4612 PWR TRAN 

$C51B GE = TRIAC 1393 SDT4614 PWR TRAN 

SC51D GE = TRIAC 1393 SOT4615 PWR TRAN 

SC51E GE = TRIAC 1393 SDT5001 PWR TRAN 

S$c60B GE —-TRIAC 1393 SDT5002 PWR TRAN 

SC60D GE = TRIAC 1393 SDT5006 PWR TRAN 

SC60E GE = TRIAC 1393 $DT5007 PWR TRAN 

$D0345 PWR TRAN D44C11 1147 SDT5011 PWR TRAN 

$D0445 PWR TRAN D45C11 1163 SDT5012 PWR TRAN 

$D1023 PWR TRAN D40E1 1109 $DT5501 PWR TRAN 

$D1335 PWR TRAN 044C5 1147 $DT5502 PWR TRAN 

$01445 PWR TRAN D45C5 1163 SDT5506 PWR TRAN 

$D5410-1 SPT OPTO DET L14F1 1335 S$0T5507 PWR TRAN 

$05410-2 SPT OPTO OFT C14F41 1336 SDTS511 PWR TRAN 

$054 10-3 SPT OPTO DET L14F1 1335 $DT5512 PWR TRAN 

$D5440-1 SPT OPTO DET L14G2 1337 SDT5901 PWR TRAN 

$D5440-2 SPT OPTO DET L14G2 1337 SDT5902 PWR TRAN 

$D5440-3 SPT OPTO DET (14G2 1337 SDT5906 PWR TRAN 

$D5440-4 SPT OPTO DET Lt4G} 1337 SDT5907 PWR TRAN 

$05440-5 SPT OPTO DET L14G1 1337 S$0T6001 PWR TRAN 

S$DJ345 PWR TRAN 044C6 1147 SDT6011 PWR TRAN 

SDJ445 PWR TRAN 045C6 1163 $DT6013 PWR TRAN 

SDK345 PWR TRAN D44C6 1147 SDT6031 PWR TRAN 

SDK445 PWR TRAN D45C6 1163 SDT6101 PWR TRAN 

SDL345 PWR TRAN D44C8 1147 SDT6102 PWR TRAN 

SDL445 PWR TRAN D45C8 1163 $DT6103 PWR TRAN 

SDM345 PWR TRAN D44C5 4147 SDT6104 PWR TRAN 

SDM445 PWR TRAN D45C5 1163 $0T6105 PWR TRAN 

SDN345 PWR TRAN 044C8 1147 SDT6106 PWR TRAN 

SDN445 PWR TRAN 045C8 1163 SDT7401 PWR TRAN 

$DT3321 PWR TRAN 042C6 4135 $DT7402 PWR TRAN 

$0T3322 PWR TRAN D43C8 1143 $DT7411 PWR TRAN 

$DT3325 PWR TRAN 043C6 1143 SOT7412 PWR TRAN 

$0T3326 PWR TRAN D42C8 1135 SDT7414 PWR TRAN 

$DT3421 PWR TRAN D42C6 1135 S$DT7415 PWR TRAN 

$0T3422 PWR TRAN D42C8 1135 $0T7511 PWR TRAN 

$DT3425 PWR TRAN D42C6 1135 $DT7512 PWR TRAN 

$DT3426 PWR TRAN 042C5 1135 $0T7514 PWR TRAN 

$DT3501 PWR TRAN 043C5 1143 SDT7515 PWR TRAN 

$DT3502 PWR TRAN D43C7 1143 $0T9001 PWR TRAN 

SDT3505 PWR TRAN D43C6 1143 $DT9002 PWR TRAN 

SDT3506 PWR TRAN D43C3 1143 $DT9003 PWR TRAN 

SDT3550 PWR TRAN 043C7 1143 $DT9004 PWR TRAN 

SDT3552 PWR TRAN D43C4 1143 SDT9005 PWR TRAN 

$0T3553 PWR TRAN 043C7 1143 SDT9006 PWR TRAN 

$0T3575 PWR TRAN D45C6 1163 SDT9007 PWR TRAN 

S$DT3576 PWR TRAN D45C8 1163 $0T9008 PWR TRAN 

SDT3578 PWR TRAN D45C6 1163 SDT9009 PWR TRAN 

S$0T3579 PWR TRAN D45C7 1163 $E3450-1 SPT  IRLED 

$DT3701 PWR TRAN $E3450-2 SPT IRLED 

$0T3702 PWR TRAN $E3450-3 SPT IRLED 

$DT3703 PWR TRAN $E345 1-1 SPT  IRLED 

S0T3704 PWR TRAN $E345 1-2 SPT  IRLED 

$DT3706 PWR TRAN $E3451-3 SPT IRLED 

SDT3707 PWR TRAN $E3453-1 SPT IRLED 

$DT3708 PWR TRAN SE3453-2 SPT  IRLED 

$0T3709 PWR TRAN $E3453-3 SPT IRLED LEDS5BF 

$DT3710 PWR TRAN SE3453-4 SPT  IRLEO LEDS5CF 1347 
$0T3711 PWR TRAN SE3455-1 SPT IRLED LEDSSBF 1347 
$DT3712 PWR TRAN SE3455-2 SPT  IRLED LEDSSCF 1347 
$DT3713 PWR TRAN SE5450.1 SPT  IRLED LEDS6 1347 
SDT3715 PWR TRAN SE5450-2 SPT  IRLED LED56 1347 
S$DT3716 PWR TRAN SE5450-3 SPT IRLED LED55B 1347 
$0T3717 PWR TRAN SE5451-1 SPT IRLED LEDS6 1347 
$DT3720 PWR TRAN SE545 1-2 SPT  iRLED LEDS5B 1347 
$OT3721 PWR TRAN $ES451-3 SPT IRLED LEDS5B 1347 
$DT3722 PWR TRAN SE5453-1 SPT  IRLED LED56 1347 
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Suggested GE 
Replacement 


$E5453-2 SPT IRLEO 
SE5453-3 SPT IRLED 
SE5453-4 SPT IRLED 
SE5455.1 SPT  IRLED 
SE5455-2 SPT IRLED 
SE5455§.3 SPT {RLED 
SE5455.4 SPT IRLED 
$E7001 PWR TRAN 
SE7002 PWR TRAN 
SE7006 PWR TRAN 
SE7020 PWR TRAN 
SE7055 PWR TRAN 
SE7056 PWR TRAN 
SE8001 PWR TRAN 
SE8002 PWR TRAN 
SE8042 PWR TRAN 
SE8542 PWR TRAN 
SFT 186 PWR TRAN 
SFT 187 PWR TRAN 
SFT445 PWR TRAN 
SG 1009 SPT IRLED 
SG1009A SPT  IRLED 
SiPTO10 HUT TRIAC 
SIPTO15 HUT TRIAC 
SIPTO25 HUT TRIAC 
StPTO40 HUT TRIAC 
SIPTO6 HUT TRIAC 
SIPTO8 HUT TRIAC 
SiPT110 HUT TRIAC 
SIPT115 HUT TRIAC 
SIPT125 HUT TRIAC 
SIPT140 HUT TRIAC 
SIPT16 HUT TRIAC 
SIPT18 HUT TRIAC 
SIPT210 HUT TRIAC 
SIPT215 HUT TRIAC 
SIPT225 HUT TRIAC 
SIPT230 HUT TRIAC 
SIPT240 HUT TRIAC 
SiPT26 HUT TRIAC 


SIPT28 


SIPT415 


SIPT425 HUT TRIAC 
SIPT430 HUT TRIAC 
SIPT440 HUT TRIAC 
SIPT46 HUT TRIAC 
SIPT48 HUT TRIAC 
SIPTS 10 HUT TRIAC 
SIPTS1§ HUT TRIAC 
SIPT525 HUT TRIAC 
SIPT530 HUT TRIAC 
SIPTS40 HUT TRIAC 
SiPT56 HUT TRIAC 
SIPT58 HUT TRIAC 
SIPT610 HUT TRIAC 
SIPT615 HUT TRIAC 
SIPT625 HUT TRIAC 
SIPT630 HUT TRIAC 
SIPT640 HUT TRIAC 
S(PT66 HUT TRIAC 
SIPT68 HUT TRIAC 
SPS020 HUT SCR 
SPSO30 HUT SCR 
$PS035 HUT SCR 
SPS08 HUT SCR 
SPS120 HUT SCR 
SPS130 HUT SCR 
SPS 135 HUT SCR 
SPS18 HUT SCR 
SPS220 HUT SCR 
SPS230 HUT SCR 


SPS235 


SPS520 
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SPTO25 


SPT040 
SPTO6 
SPTO8 
SPT110 
SPT115 
SPT125 
SPT140 
SPT16 
SPT18 
SPT210 


SPT215 
SPT225 
SPT230 
SPT240 
SPT26 

SPT28 

SPT310 
SPT315 
SPT325 
SPT330 


SPT340 
SPT3440 
SPT36 
SPT38 
SPT410 
SPT415 
SPT425 
SPT430 
SPT440 
SPT46 


SPT48 

SPT510 
SPT515 
SPT525 
SPT530 
SPT540 
SPT56 

SPT58 

SPT610 
SPT615 


SPT625 
SPT630 
SPT640 
SPT66 
SPT68 
SPX1873-1 
SPX1873-2 
SPX 1873-3 
SPX 1873-4 
SPX1876-1 


SPX 1876-2 
SPX 1876-3 
SPX26 
SPX28 
SPX2 
SPX2E 
SPX35 


STB569 


STC 1300 
$TC1336 
STC 1800 
STC 1850 
STC1860 
STC1862 
$TC4401 
STC5202 
$TC5203 
S$TC5205 


TRIAC 

OPTO COUPL 
OPTO COUPL 
OPTO COUPL 
OPTO COUPL 
OPTO COUPL 


OPTO COUPL 
OPTO COUPL 
OPTO COUPL 
OPTO COUPL 
OPTO COUPL 
OPTO COUPL 
OPTO COUPL 
OPTO COUPL 
OPTO COUPL 
OPTO COUPL 


OPTO COUPL 
OPTO COUPL 
TRIGGER 
TRIGGER 
PWR TRAN 
PWR TRAN 
PWR TRAN 
STABISTER 
STABISTER 
STABISTER 


PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 


C228EX11 
C228EX11 


Suggested GE 
Replacement 


ao 


AMKNSWWWWS 
Wwnxa 


w 


Tipe [wa] Poa tine [Peoe| Type [Pooe_ 


STC5206 
STC5802 
STC5803 
STC5805 
STC5806 
STT4451 
T1892 
T1S93 
T1897 
T1898 


T2313A 
T2313B 
723130 
725008 
T2500D 
727008 
T2700D 
728008 
T2800C 
T2800D 


T2800E 

T2800M 
T2801B 
T2801C 
T28010 
T2801E 

T2801M 
T2802B 
T2802C 
728020 


T2802E 
T2802M 
T2850A 
T2850B 
728500 
7400001008 
1400001608 
7400002208 
7400011008 
7400011608 


7400012208 
740002 1008 
740002 1608 
7400022208 
T40003 1008 
T40003 1608 
1400032208 
T40004 1008 
740004 1608 
1400042208 


T40005 1008 
140005 1608 
1400052208 
T40006 1008 
T40006 1608 
7400062208 
1400072208 
1400082208 
1400092208 
7400102208 


7400112208 
1400 122208 
T4100M 
T4101M 
T4110M 
T41t1M 
741200 
T4120M 
741218 
T41210 


T4121M 
741308 
T4130D 
T4130M 
74131B 
T4131D 
T4131M 
741408 
T4140D 
T4140M 


T4141B 
T4141D 
T4141M 
T41508 
T4150D 
T4150M 
741518 
T4151D 
T4151M 
T4700B 
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RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 


RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 


RCA 
RCA 
RCA 
RCA 
RCA 
WESY 
WESY 
WESY 
WESY 
WESY 


WESY 
WESY 
WESY 
WESY 
WESY 
WESY 
WESY 
WESY 
WESY 
WESY 


WESY 
WESY 
WESY 
WESY 
WESY 
WESY 
WESY 
WESY 
WESY 
WESY 


WESY 
WESY 
RCA 
RCA 
RCA 
RCA 
RCA 


“RCA 


RCA 
RCA 


RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 


RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 


PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
SIG TRAN 
SIG TRAN 
SiG TRAN 
SIG TRAN 


TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 


TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 


TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
SCR 
SCR 
SCR 
SCR 
SCR 


ScR 
scr 
SCR 
scr 
SCR 
ScR 
SCR 
SCR 
ScR 
SCR 


SCR 
SCR 
SCR 
ScR 
SCR 
SCR 
SCR 
SCR 
Scr 
SCR 


scr 

SCR 

TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 


TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 


TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 
TRIAC 


Suggested GE 
Replacement 


045C7 
D45C5 
D45C8 
D45C4 
D45C7 
D42C5 
GES92 
GES93 
GES97 
GES98 


$C136A 

SC136B 

$C136D 

$C141BX125 
$C141DX125 
$C146BX125 
$C146DX125 
$C 143BX125 
$C1430X125 
$C143DX125 


$C143EX125 
SC143MX125 
$C141B 
$C141D 
$€1410 
SC141E 
SC141M 
$C143B 
$C143D 
$C143D 


$C143E 
SC143M 
$C142B 
$C142BX125 
$C142DxX125 
C230FX682 
C230FX240 
C228F 
C230AX683 
C230AX240 


C228A 
C230B8X685 
C230BX240 
C2288 
C230CX687 
C230CX240 
C228C 
C230DX688 
C€230DX240 
C228D 


C230EX689 
€230EX240 
C228E 
C230MX690 
C230MX240 
C228M 
C137S 
C137N 
C137T 
C137P 


C137PA 
C137PB 
$C251M 
SC246M13 
SC250M 
$C250M13 
$C250D3 
SC2S0M3 
$C250B33 
$C250033 


$C250M33 
SC250B8 
$c250D8 
SC250M8 
$C245B83 
$C245D83 
SC245M83 
$C250B84 
SC250D4 
S$C250M4 


$C245B43 
$C245D43 
SC245M43 
SC250B6 
SC25006 
SC250M6 
$C245B63 
SC245063 
SC245M63 
$C151B2 


1163 
1163 
1163 
1163 
1163 
1135 
CF 
CF 
CF 
CF 


Suggested GE 
Replacement 


Mtg.| Prod. Line 


T4700D RCA TRIAC $C 15102 

T500°*4005 WEST SCR C150 

7500**8005 WEST SCR C€50/C 150 707 
T507014064A0 WESY SCR C165A 838 
7507014084A0 WESY SCR C164A 838 
T507024054AQ WESY SCR C158B 830 
1507024064A0 WESY SCR C165B 838 
T507024084A0 WESY SCR C164B 838 
7507034054AQ WESY SCR C158C 830 
T507034064AQ WESY SCR C165C 838 
T507034084AQ WESY SCR C164C 838 
T507044054A0 WESY SCR C158) 830 
7T507044064A0 WESY SCR C165D 838 
T507044084AQ0 WESY SCR C164D 838 
T507054054AQ WESY SCR C1S8E 830 
T507054064A0 WESY SCR C165E 838 
T507054084A0 WESY SCR C164E 838 
T507064054A0 WESY SCR C158M 830 
T507064064A0 WESY SCR C165M 838 
T507064084A0 WESY SCR C164M 838 
7507074054A0 WESY SCR C1588 830 
T507074064AQ WESY SCR C1658 838 
T507084054AQ WESY SCR C158N 830 
T507084064AQ WESY SCR C165N 838 
1507094054AQ WESY SCR C158T 830 
T507104054AQ WESY SCR C158P 830 
T507114054AQ WESY SCR C158PA 830 
1507 124054AQ WESY SCR C158PB 830 
T507°*40#+# WEST SCR C48/C49 694 
TS07**70## WEST SCR C164/C 165 838 
T507°*8O## WEST SCR C164/C 165 838 
75 10°*5007 WEST SCR c49 701 
T510°*8007 WEST SCR C164/C 165 838 
T520°° 1305 WEST SCR C350 886 
7600°* 1304 WEST SCR c180X500 842 
T600°" 1504 WEST SCR € 180X500 842 
T600°* 1804 WEST SCR C180X500 847 
T607"*13## WEST SCR €184/C186 851 
T607°" 15H#H# WEST SCR C184/C186 851 
T620°* 1304 WEST SCR C380 912 
T620°*2004 WEST SCR C380 912 
1620°*3004 WEST SCR C380X500 917 
T625°*10## WEST SCR C384 921 
T625"* 1SH#H WEST SCR C384 92 
T625**20## WEST SCR C384 921 
T6401B RCA TRIAC SC266BX50 CF 
T6401D RCA TRIAC SC266DX50 CF 
T6401M RCA TRIAC SC266MX50 CF 
T6411B RCA TRIAC SC265BX50 CF 
764110 RCA TRIAC SC265DX50 CF 
T6411M RCA TRIAC SC265MX50 CF 
7T6420B RCA TRIAC SC265B3X50 CF 
T6420D RCA TRIAC SC265D3X50 CF 
T6420M RCA TRIAC SC265M3X50 CF 
T6421B RCA TRIAC $C265B3X50 CF 
T6421D RCA TRIAC SC26503X50 CF 
T6421M RCA TRIAC SC265M3X50 CF 
T6430B RCA TRIAC SC265B8X50 CF 
T6430D RCA TRIAC S$C265D8X50 CF 
T6430M RCA TRIAC SC265M8X50 CF 


T6431B RCA SC265B8X50 CF 


764310 RCA TRIAC SC265D8X50 CF 
T6431M RCA TRIAC SC265M8X50 CF 
T6440B RCA TRIAC SC265B4X50 CF 
T6440D RCA TRIAC SC265D4X50 CF 
T6440M RCA TRIAC SC265M4X560 CF 
T6441B RCA TRIAC SC265B4X50 CF 
764410 RCA TRIAC SC265D4X50 CF 
T6441M RCA TRIAC SC265M4X50 CF 


T6450B RCA TRIAC 
T6450D 


SC265B6X50 CF 
SC265D6X50 CF 


16450M RCA TRIAC SC265M6X50 cF 
76451B RCA TRIAC SC265B6X50 cr 
T6451D RCA TRIAC SC265D6X50 CF 
T6451M RCA TRIAC SC265M6X50 cr 
1720°*3504 WEST SCR €390/C391 936 
1720°*4504 WEST SCR €390/C391 936 
7720775504 WEST SCR ©602/C440 1005 
1727" 25H## WEST SCR €388/C392 928 
1727°°35## WEST SCR €388/C392 928 
1727"*45## WEST SCR €398/C394 958 
T72H"*25## WEST SCR €398/C394 958 
T72H"35## WEST SCR €398/C394 958 
T72H"*45## WEST SCR €398/C394 958 
T920°'0603 WEST SCR c440/ca41 966 
1920°*0703 WEST SCR €450/C451 c 
T920°*0803 WEST SCR C450/C451 c 
T920**0903 WEST SCR C450/C451 c 
TA7554 PWR TRAN D44ce 1147 


TA7555 PWR TRAN 044C6 1147 


TA7556 
TA7557 PWR TRAN 


TA7739 PWR TRAN 

TA7740 PWR TRAN 

TAG2-100 TAGS SCR 

TAG2-200 TAGS SCR 

TAG2-300 TAGS SCR 

TAG2-400 TAGS SCR 

TC106A2 SES SCR 

TC106A3 SES SCR 

TC106A4 SES SCR 

TC 10682 SES SCR 

TC106B3 SES SCR 

TC106B4 SES SCR 

TC 106C2 SES SCR 

TC106C3 SES SCR 

TC106C4 SES SCR 

TC106D2 SES SCR 

TC 10603 SES SCR 

TC106D4 SES SCR 

TC106F2 SES SCR 

TC 106F3 SES SCR 

TC106F4 SES SCR 

TC 10602 SES SCR 

TC 10603 SES SCR 

TC 10604 SES SCR 

TC106Y2 SES SCR 

TC106Y3 SES SCR 

TC106Y4 SES SCR 

TD261 GE TUNNEL DIO 1416 
TD261A GE TUNNEL DIO 1416 
TD262 GE TUNNEL DIO 1416 
TO262A GE TUNNEL DIO 1416 
T0263 GE TUNNEL DIO 1416 
TD263A GE TUNNEL DIO 1416 
T02638 GE TUNNEL O10 1416 
T0264 GE TUNNEL DIO 1416 
TD264A GE TUNNEL DIO 1416 
TD265 GE TUNNEL DIO 1416 
TD265A GE TUNNEL DIO 1416 
TD266 GE TUNNEL DIO 1416 
TO266A GE TUNNEL DIO He 


TO9 TUNNEL DIO 
CR 


TIC 116B 


TIC 116C Tl SCR 
TIC 1160 Tl SCR 
TICTIGE Tl SCR 
TIC 116F Tl SCR 
TIC 116M Tl SCR 
TIC 126A Tl SCR 
TIC 126B Ti ScR 
TIC126C Tl SCR 
TIC 1260 Tl SCR 
TIC126E TI SCR 


TIC 126F Tl SCR 
TIC 126M Tl SCR 
TIC226B TI TRIAC 
TIC226D Tl TRIAC 
TIC236B Tl TRIAC 
TIC236D Tl TRIAC 
TIC246B Tl TRIAC 
TiC246D Tl TRIAC 
TIC3010 Tl SCR 
TIC3011 Ti SCR 


TIC3012 Tl SCR 
TIC3013 Tl SCR 
TIC3014 Tl SCR 
TIC44 Tl SCR 
TIC45 Tl SCR 
TIC46 TI SCR 
TIC47 TI SCR 
TILIt Ttl OPTO COUPL 
TIL112 Til OPTO COUPL 
TIL113 Til OPTO COUPL 


CF= CONTACT FACTORY 
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Suggested GE 
Replacement 


TILY14 Til OPTO COUPL 
TIL115 Til OPTO COUPL 
TIL116 Til OPTO COUPL 
TIL117 Tit OPTO COUPL 
TIL118 Til OPTO COUPL 
TIL119 Tul OPTO COUPL 
TIL138 Tu OPTO COUPL 
TIL31 Til IRLED 

TIL33 Til IRLED 

TIL34 TU IRLED 


TiL81 Ti (RLEO 

TIP110 PWR TRAN 
TIP111 PWR TRAN 
TIP115 PWR TRAN 
TIP116 PWR TRAN 
TIP120 PWR TRAN 
TIP121 PWR TRAN 
TIP125 PWR TRAN 
TIP126 PWR TRAN 
TIP29 PWR TRAN 


TIP29A PWR TRAN 
TiP29B PWR TRAN 
TIP30 PWR TRAN 
TIP30A PWR TRAN 


11 

11 

W 
TIP30B PWR TRAN 045C10 1163 
TIP34 PWR TRAN D44C5 1147 
TIP31A PWR TRAN D44c8 1147 
TIP31B PWR TRAN 044C11 1147 
TIP32 PWR TRAN D45C5 1163 
TIP32A PWR TRAN D45C8 1163 
TIP32B PWR TRAN D45C1 1163 
TIP33 PWR TRAN D44H4 1155 
TIP33A PWR TRAN D44H7 1155 
TIP33B PWR TRAN 044H10 1155 
TIP34 PWR TRAN D45H4 1171 
TIP34A PWR TRAN D45H7 1171 
TIP34B PWR TRAN 045H10 1171 
TIP41 PWR TRAN D44H4 1155 
TIP41A PWR TRAN D44H7 1155 
TIP41B PWR TRAN 044H10 1165 
TIP42 PWR TRAN D45H4 1171 
TIP42A PWR TRAN D45H7 171 
TIP42B PWR TRAN 045H10 1171 
TIP47 PWR TRAN D44R1 1169 
TIP48 PWR TRAN D44R3 1159 
TIS82 PWR TRAN D40E5 1109 


TIXL143 Tl OPTO COUPL 
TIXL144 TH OPTO COUPL 
TIXL145 TH = OPTO COUPL 
TIXL146 TU OPTO COUPL 


TN53 PWR TRAN 
TN59 PWR TRAN 
TN61 PWR TRAN 
TN63 PWR TRAN 
™N79 PWR TRAN 
TRS 1204 PWR TRAN 
TRS 1205 PWR TRAN 
TRS 1404 PWR TRAN 
TRS 1405 PWR TRAN 
TRS 140HP PWR TRAN 


TRS 140MP PWR TRAN 
TRS 1604 PWR TRAN 
TRS {605 PWR TRAN 
TRS 160HP PWR TRAN 
TRS 160MP PWR TRAN 
TRS 1804 PWR TRAN 
TRS 1805 PWR TRAN 


TRS 180HP PWR TRAN 
TRS 180MP PWR TRAN | 
TRS2004 PWR TRAN 


TRS2005 PWR TRAN 
TRS2006 PWR TRAN 
TRS200HP PWR TRAN 
TRS200MP PWR TRAN 
TRS2254 PWR TRAN 
TRS2255 PWR TRAN 


TRS225HP PWR TRAN | 
TRS225MP PWR TRAN 
TRS2504 PWR TRAN 
TRS2505 PWR TRAN 
TRS250HP PWR TRAN 
TRS250MP PWR TRAN 
TRS2754 PWR TRAN 
TRS2755 PWR TRAN 


TRS275HP PWR TRAN 


TRS275MP PWR TRAN 
TRS2804S PWR TRAN 
TRS2805S PWR TRAN 


TRS3006 PWR TRAN 
TRS3014 PWR TRAN 


Cine [waste 


TRS3015 
TRS301HP 
TRS301LC 
TRS301MP 
TRS3204S 
TRS3205S 
TRS3254 
TRS3255 
TRS325MP 
TRS3742 


TRS4296 
TRS4297 
UP12217 
UP12218 

UP 14046 

UP 14047 
V1000LB 160B 
V1000LB 160A 
V1000LB80A 
V100MA4A 


V100MA4B 
V100ZA15 
V100ZA3 
V120MA1A 
V120MA28 
V120ZA1 
V120ZA6 
VI30LA10A 
V130LA1 
V130LA20A 


V130LA20B 
V130LA2 

V130PA10A 
V130PA20A 
V130PA20B 
V130PA20C 
V1IBOLAI0A 
V150LA1 

V150LA20A 
V150LA20B 


V150LA2 
V1I5O0MA1A 
V150MA2B 
V1I50PA10A 
V150PA20A 
V150PA20B 
V150PA20C 
V1SOZA1 
V1S50ZA8 
V180MA1A 


V180MA3B 
V180ZA10 
V1802A1 
V220MA2A 
V220MA4B 
V22ZA1 
V22ZA3 
V242A1 
V24ZA4 
V250LA15A 


V250LA20A 
V250LA2 

V250LA40A 
V250LA40B 
V250LA4 

V250PA10A 
V250PA20A 
V250PA40A 
V250PA40B 
V250PA40C 


V270MA2A 
V270MA4B 
V275LA15A 
V275LA20A 
V275LA2 
V275LA40A 
V275LA40B 
V275LA4 
V275PA10A 
V275PA20A 


V275PA40A 
V275PA40B 
V275PA40C 
V27ZA1 
V27ZA4 
V300LA2 
V300LA4 
V320LA15A 
V320LA20A 
V320LA40A 


PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 
PWR TRAN 


PWR TRAN 


CF=CONTACT FACTORY 


Suggested GE 


Replacement 


D44N3 
D44R3 
D44R3 
D44R3 
D44R3 
D44R3 
D44R4 
D44R3 
D44R4 
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V320LA40B 
V320PA40A 
V320PA40B 
V320PA40C 
V330MA2A 
V330MA5B 
V33MA1A 
V33MA1B 
V33ZA1 
V33ZA5 


V390MA3A 
V390MA6B 
V39MA2A 
V39MA2B 
V39ZA1 
V39ZA6 
v409 
V40LA2A 
V40LA2B 
V420LB20A 


V420LB40A 
V420LB40B 
V420PA20A 
V420PA40A 
V420PA40B 
V420PA40C 
V430MA3A 

V430MA7B 

V460LB20A 
V460LB40A 


V460LB40B 
V460PA20A 
V460PA40A 
V460PA40B 
V460PA40C 
VATMA2A 
V47MA2B 
V47ZA1 
V47ZA7 
V480LB20A 


V480LB40A 
V480LB80A 
V480LB80B 
V480PA20A 
V480PA40A 
V480PA80A 
V480PA80B 
V480PA80C 
V510LB20A 
V5 10LB40A 


V5 10LB80A 
V5 10LB80B 
V5 10PA20A 
V5 10PA40A 
V5 10PAB0A 
V5 10PA80B 
V5 10PA80C 
V550LB20A 
V550LB40A 
V550LB80A 


V550LB80B 
V55OPA20A 
V550PA40A 
VS50PA80A 
V550PA80B 
V550PA80C 
V56MA2A 
V56MA2B 
V56ZA2 
V56ZA8 


V575LB20A 
V575LB40A 
V575LB80A 
V575LB80B 
V575PA20A 
V575PA40A 
V575PA80A 
V575PA80B 
V575PA80C 
V6OLA3A 


V60LA3B 


VO5LATA 


Suggested GE 
Replacement 


Suggested GE 
Replacement 


V95LA7B 


VX3375 PWR TRAN 

VX3733 PWR TRAN 

W2AA50C GE PWR MODULE 1444 

W2AAS0E GE PWR MODULE 1444 

W2BA25C GE PWR MODULE 1444 

W2BA25E GE PWR MODULE 1444 

W2BC25C GE PWR MODULE 1444 

W2BC25E GE PWR MODULE 1444 

W2BE25C GE PWR MODULE 1444 

W2B8E25E GE PWR MODULE 1444 

W2BH25C GE PWR MODULE 1444 

W2BH25E GE PWR MODULE 1444 

W2BJ25C GE PWR MODULE 1444 

W2BJ25E GE PWR MODULE 1444 

W2BK25C GE PWR MODULE 1444 

W2BK25E GE PWR MODULE 1444 

W2CA25C GE PWR MODULE 1444 

W2CA25E GE PWR MODULE 1444 

W2DA25C GE PWR MODULE 1444 

W2DA25E GE PWR MODULE 1444 

W20C25C GE PWR MODULE 1444 

W2DC25E GE PWR MODULE 1444 

WV2AAS0C GE PWR MODULE 1444 

WV2AA50E GE PWR MODULE 1444 

WV2BA25C GE PWR MODULE 1444 

WV2BA25E GE PWR MODULE 1444 

WV2BC25C GE PWR MODULE 1444 

WV2BC25E GE PWR MODULE 1444 

WV2BE25C GE PWR MODULE 1444 

WV2BE25E GE PWR MODULE 1444 

WV2BH25C GE PWR MODULE 1444 

WV2BH25E GE PWR MODULE 1444 

WV2BJ25C GE PWR MODULE 1444 

WV2BJ25E GE PWR MODULE 1444 

WV2BK25C GE PWR MODULE 1444 

WV2BK25E GE PWR MODULE 1444 

WV2CA25C GE PWR MODULE 1444 

WV2CA25E GE PWR MODULE 1444 

WV2DA25C GE PWR MODULE 1444 

WV2DA25E GE PWR MODULE 1444 

WV2D0C25C GE PWR MODULE 1444 

WV2D0C25E GE PWR MODULE 1444 

XB401 PWR TRAN D40E5 1109 
XB404 PWR TRAN D44C4 1147 
XB408 PWR TRAN D44C4 1147 
XB476 PWR TRAN D44Cc1 1147 
ZA SERIES GE GE-MOV 1438 

271479 PWR TRAN D40E5 1109 
271480 PWR TRAN D40E7 1109 
271481 PWR TRAN D40E5 1109 
271482 PWR TRAN D40E7 1109 
271483 PWR TRAN 044C5 1147 
271484 PWR TRAN D44C8 1147 
271485 PWR TRAN D044C5 1147 
271486 PWR TRAN D44Cc8 1147 
271613 PWR TRAN D40E5 1109 
271700 PWR TRAN D40E5 1109 
271701 PWR TRAN D44c4 1147 
271711 PWR TRAN D40E7 1109 
272102 PWR TRAN D40E1 1109 
272270 PWR TRAN 040E5 1109 
272876 PWR TRAN D42C7 1135 
273375 PWR TRAN D42C5 1135 


273440 PWR TRAN 044R4 1169 


CF = CONTACT FACTORY 
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SILICON SIGNAL TRANSISTORS 
GENERAL PURPOSE AMPLIFIERS 
TO-98 PACKAGE 


BVcEo hee VCEISAT) fr Cop @10V, Pr 
Device Type @10mA Typical 1MHz @ 25°C 
Min.-Max. @ Ic, Voce (V) |(VIMax. @ Ic, tg (MHz) Typical (Pf) = (mw) 


2N2711 : ; 3 7 50mA, 3mA 
2N2712 ; 50mA, 3mA 
2N2713 50mA, 3mA 
2N2714 : 50mA, 3mA 
2N2923 : 50mA, 3mA 


NooN 


2N2924 F 50mA, 3mA 
2N2925 ; 50mA, 3mA 
2N2926 : 50mA, 3mA 
2N3390 / i 50mA, 3mA 
2N3391 : 50mA, 3mA 


2N3391A 
2N3392 
2N3393 
2N3394 
2N3395 


WNNNN 


50mA, 3mA 
50mA, 3mA 
50mA, 3mA 
50mA, 3mA 
50mA, 3mA 


ate ats 
AANA 
NNNS 


2N3398 2mA,6 | 1. SOMA, ammA 
2N3402 NPN 76-205 lo. 50mA, 3mA 
2N3403 NPN 180-540 | 2mA,5 | 0. 50mA, 3mA 


aannn 


2N3404 ss NPN 75-225 | ama, 5 | 0. 50mA, 3mA 
2N3405 NPN. 180-5 mA, 5 | 0. 50mA, 3mA 
2N3414 NPN 76205 nA, 5 ; 50mA, 3mA 
2N3415 NPN e 40 | 2mA,5 | 0. 50mA, 3mA 
2N3416 NPN 78-225 | 2mA,5 | 0. 5OmA, 3mA 


ananaan 


2N3417 ss NBN. 80-540 | 2mA, 5 50mA, 3mA 
2N3662 10mA, 1mA 
2N3663 ; 10mA, ima 


2N3843 ; 10mA, 1mA 
2N3843A : 10mA, 1mA 


NN&OM 


2N3844 : 10mA, 1mA 
2N3844A i 10mA, 1mA 


2N3845 : 10mA, 1mA 
2N3845A ; 10mA, imA 


2N3854 : 10mA, 1mA 


NNNYNN 


2N3854A . 10mA, 1mA 


2N3855 : TOMA, 1mA 
2N3855A : 10mA, 1mA 


2N3856 . 10mA, 1mA 
2N3856A ; 10mA, 1mA 


WANNNIN 


2N3858 ; 10mA, 1mA 
2N3858A : 10mA, 1mA 


2N3859 : 10mA, 1mA 
2N3859A . 10mA, 1mA 


2N3860 : 10mA, 1mA 


2N3877 : 10mA, 1.0mMA 
2N3877A i 10mA, 1.0mMA 
2N3900 ‘ 50mA, 3mA 
2N3900A 5OmA, 3mA 


2N3901 ; 50mA, 3mA 


MN NNNNN 
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SILICON SIGNAL TRANSISTORS 


GENERAL PURPOSE AMPLIFIERS 
TO-98 PACKAGE 


Device 


2N4256 
2N4424 
2N4425 


2N5172 


2N5174 
2N5232 
2N5232A 
2NS249 
2N5249A 


2N5305 
2N5306 
2N5307 
2N5308 


2N5309 
2N5310 
2N5311 


2N5354 
2N5355 
2N5356 
2N5365 
2N5366 


2N5418 
2N5419 
2N5420 
2N6076 


D16G6 
D29E1 

D29E2 
D29E4 
D29E5 


D29E6 
D29E9 
D29E10 
D33021 
D33022 


033D24 
033D25 
D33D 26 
D33D29 
D33D30 


hee 


i. 


ne 


o 


VcE(SAT) 


| 0.125 


0.3 
0.3 


0.25 


0.95 

0.125 
0.125 
0.125 
0.125 


10mA, 


50mA, 
50mA, 


10mA, 


10mA, 
10mA, 
10mA, 
10mA, 
10mA, 


200mA, 0.2mMA 
200mA, 0.2mA 
200mA, 0.2mA 
200mA, 0.2mA 


10mA, 1mA 
10mA, imA 
10mA, 1mA 


50mA, 2.5mA 
50mA, 2.5mA 
50mA, 2.5mA 
50mA, 2.5mA 
50mA, 2.5mA 


50mA, 2.5mA 
50mA, 2.5mA 


50mA, 2.5mA 


10mA, 1.0mA 


10mA, 1.0mA 
500mA, 50mA 
500mA, 50mA 
500mA, 50mA 
500mA, 50mA 


500mA, 50mA 
500mA, 50mA 
500mA, 50mA 


500mA, 50mA | 
500mA, 50mA > 


500mA, 50mA 
500mA, 50mMA 
500mA, 50mA 
500mA, 50mA 
500mA, 50mA 


fy 
Typical 
(MHz) 


Cop @ 10V 
1 MHz 
Typical (Pf) 


NNNNNY NY aGN 


AAAS 


Pr 
@ 25°C 
(mW) 
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SILICON SIGNAL TRANSISTORS 


GENERAL PURPOSE AMPLIFIERS 
TO-92 PACKAGE 


BVcEO hee VcE (sat) f+ Cop @ 10V Ic 5 
Device Type @10mA Typical 1MHz Continuous @ 25°C 


(Vv) Min. Max. @ Ic(mA)|Vce(V) Max. @ I¢(mA) Ig(mA) (MHz) Typical(Pe) (mA) (mw) 


2N3903 40 re 200 
2N3904 40 200 
2N3905 40 200 
2N3906 40 200 
2N4123 30 200 


2N4124 25 

2N4125 30 200 
2N4126 25 

2N4400 40 600 
2N4401 40 600 


2N4402 40 
2N4403 40 
2N4409 50 
2N4410 80 


2N5088 30 


2N5089 25 


2N5219 15 
2N5220 15 
2N§221 15 


2N5223 20 


2N5225 
2N5226 
2N5227 


25 
25 
30 


GES929 
GES930 
GES2221 
GES2221A. 
GES2222 


50 
50 


GES2222A. 
GES2483 
GES2906 
GES2907 
GES5305 


GES5306 
GES5307 
GES5308 
GES5368 
GESS369 


GES5370 
GES5371 
GES5372 
GES$5373 
GES5374 
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SILICON SIGNAL TRANSISTORS 
GENERAL PURPOSE AMPLIFIERS 
TO-92 PACKAGE 


BVcEO hee VcE(sat) fr Cp, @10V Ic Pr. 
Device Type @10mA Typical 1 MHz Continuous @ 25 C 

(Vv) Min. Max. @ Ic(mA) | Voce (V) Max. @ Ic(mA) —Ig(mA) (MHz) Typical (Pr) (mA) (mw) 
GES5822 60 150 750 
GESS5823 60 150 750 
GES5824 40 100 100 
GES5825 40 100 100 
GES5826 100 


GES5827 


GES5828 40 10 100 
GES6000 25 150 500 
GES6001 25 250 500 


GES6002 500 


GES6003 


GES6004 40 150 500 
GES6005 40 250 500 
GES6006 40 170 500 


GES6007 500 


GES6010 


GES6011 40 100 
GES6012 40 150 800 
GES6013 40 125 800 


GES6014 800 


GES6015 


GES6016 60 150 800 
GES6017 60 125 800 
GES6218 300 65 50 


GES6219 50 


GES6220 


GES6221 150 65 

GES6222 60 / 100 100 
GES6224 60 / 100 100 
GES5375 30 200 500 
GES5448 30 150 200 
GES5449 30 100 800 


GES5450 
GES5451 


GES5810 25 125 750 
GES5811 25 125 750 
GES5812 25 150 750 


GES5813 


GES5814 


GES5815 40 125 750 
GES5816 40 150 750 
GES5817 40 150 750 


GES5818 
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SILICON SIGNAL TRANSISTORS 
GENERAL PURPOSE AMPLIFIERS 
TO-92 PACKAGE 


BVcEO hee VcE (sat) fr — Cop @ 10V Ic 5 
Device Type @ 10mA. Typical 1MHz Continuous @25°C 


(Vv) Min. Max. @ Ic(mA) | Vce (V) Max. @ Ic{mA) IglmA) (MHz) Typical (Pz) (mA) (mW) 


GES5819 
GES5820 | 
GES5821 
MPSAOS NN 
MPSA06 
MPSA12 
MPSA13 
MPSA14 


750 


MPSA20 
MPSA55 
MPSA56 
MPSA65 
MPSA66 


MPS3638 
MPS3638 
MPS3702 
MPS3703 
MPS3704 


MPS3705 
MPS3706 
MPS5172 
MPS6076 
MPS6512 


MPS6513 
MPS6514 
MPS6515 
MPS6516 
MPS6517 


MPS6518 
MPS6519 
MPS6530 
MPS6531 
MPS6532 


MPS6533 
MPS6534 
MPS6535 
MPS6565 
MPS6566 


D39C1-6 
D38H1-6 
D39J1-6 
D38L1-6 © 
D38S1-10 | 


D38Y1-3 
D38WS5-11 
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SILICON SIGNAL TRANSISTORS 
COMPLEMENTARY PAIRS 
TO-98 PACKAGE 


DEVICE hee VcE(SAT) 


COMPLEMENT 


NPN Min.-Max. @ lo, VcE (Vv) (Vv) Max. @ lo, lp 


100-300 


2N5418 
2N5419 


033D21 
D33D22 
D33D24 


100-200 
033D26 


D29E10 | D33D30 


D33D021 

D33D22 

D33D24 D29E4 
033025 D29E5 
D33D26 D29E6 
D33D29 : D29E9 
D33D30 : S D29E10 


WANA 


ENCAPSULATED TO-98 ENCAPSULATED TO-92 
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DEVICE 


TO-92 PACKAGE 


hee 


SILICON SIGNAL TRANSISTORS 
COMPLEMENTARY PAIRS 


VcE(SaT) 


MIN.-MAX. @ tc, Voge 


2N3905 


2N4402 


2N4403 


GES5371 


GES5819 


(Vv) MAX 


GES5821 


GES5823 


GES6013 


GES6015 


GES6016 


GES2222 


GES2906 
G 


100-300 
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(Continued) 


DEVICE 


NPN 
MPS AOS 


PNP 


MPS AO6 


MPS3704 
MPS3705 
MPS3706 


MPS A56 
MPS3702 
MPS3703 


MPS6512 


MPS6513 
MPS6514 


MPS6515 


MPS6516 


MPS6517 


MPS6518 


MPS6530 


MPS6519 


MPS6531 


MPS6532 


MPS6533 
MPS6534 


MPS6535 


MPS5172 


MPS6076 


D38H1-3 


SILICON SIGNAL TRANSISTORS 


COMPLEMENTARY PAIRS 
TO-92 PACKAGE 


BVceoO hee 


VcE(SAT) 


(Vv) MIN.-MAX. @ Ic, Vce (V) 
oO 100mA, 1 
100mA, 1 
100mA, 
_100mA, _ 
50mA 
50mA, 
50mA 
50mA 
50mA, 


COMPLEMENT 


MPS A5S 


MPS A56 


MPS3704 
MPS3705 


MPS3702 


D39J1-3 


038H4-6 


D38L1-3 


D39J4-6 


D39C1-3 


D38L4-6 


D39C4-6 
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SILICON SIGNAL 
LOW NOISE AMPLIFIERS 
TO-98 PACKAGE 


BVceo hre NF 
(Vv) Min.-Max. @ le, Vee (v) (db) 


|2N3391A 25 5.0 
:2N3844 30 10.2 
2N3844A 30 8.5 
2N3845 30 10.2 
2N3845A 30 8.5 


Conditions 


Device Type 


2N3900A 18 5.0 
2N3901 18 5.0 
,2N5232A 5.0 
2N5249A 3.0 
2N5306A : 5.0 


2N5308A 5;0 
2N5309 4.0 
+ 2N5310 3.0 

2N5311 3.0 
i. i 


SILICON SIGNAL 


LOW NOISE AMPLIFIERS 
T0-92 PACKAGE 


Device Type 2VcEO hre Rida 


Min.-Max. @ Ico,Vce(V) (db) Conditions 


GES5827A 
GES5828A 
GES6000 
GES6001 


wowaa 


GES6004 
GES6005 
GES6010 
GES6011 
GES6014 


C1W OM Ww 


GES6015 
GES929 
GES930 
GES5306A 
GES5308A 


Tow Bw 


D38S81-4 
D38S7 
D38S8-10 
D38Ww8-10 
D38W13-14 


GES6012 
GES6013 


GES6016 
GES6017 
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SILICON SIGNAL TRANSISTORS 


SWITCHES 
TO-92 PACKAGE 


T v. z 
tg (mA) ier Gre Vor tv) ESIQrr) 


le (mA) 


TorF 


(Ton) (Vv) 


GES5368 
GES5369 
GES5370 
GES5371 


GES5372 
GES5373 
GES5374 
GES5375 


Se ees. 


eos 


GES6000 
GES6002 
GES6004 
GES6006 
GES6001 
GES6003 
GES6005 
GES6007 


STH 


GES6010 
GES6012 
GES6014 
GES6016 


GES6011 


GES6013 
GES6015 
GES6017 


GES2221A 


GES2222A 
GES2906 
GES2907 


MPS3638 


MPS3638A 
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Device 


GES5305 
GES5306 
GES5306A 
GES5307 
GES5308 
GES5308A 
D38L.1-3 
D39C1-3 
D39C4-6 


2N5305 
2N5306 
2N5306A 
2N5307 
2N5308 
2N5308A 
D16P1 


Device BVce (@) 
NPN (v) 


GES6218 | 


Device BVcEO 
NPN (v) 


2N3877 
2N3877A 
2N5174 
2N5175 
2N5176 


SILICON SIGNAL 


DARLINGTON TRANSISTORS 


T0-92 PACKAGE 


bee 
Min.-Max. @ Ic, Veg (V) 


TO-98 PACKAGE 


hee 


Min,-Max. @ lo, Veg (v) 


SILICON SIGNAL 
HIGH VOLTAGE TYPES 


T0-92 PACKAGE 


hee lcBo 
Min.-Max. @ I¢,Vce (V) Max. @ Vee (Vv) 


20mA, 10 
20mA, 10 
20mA, 10 
20mA, 10 


TO-98 PACKAGE 


hee CBO 


I 
Min.-Max. @ Ic, Vcg (V) Max. @ Vog (V) 


20 2amA, 5 

20 2mA, 5 
40-600 10mA, 5 
55-160 10mA, 5 
140-300 10mA, 5 


1 


VcE(SAT) 


(V) Max. @ 


so aid fac eg eS 
NYOBRRARRALA 
ag 


lo, Ip 


VoE(saT) 


(V) Max. @ 


le, 


200KA 
200uA 
200uA 
200uA 
200KA 
200UA 
200uA 


VcE(SAT) 


(V) Max. @ 


(V) Max. @ 


Ic, Ig 


Vce(sAT) 
Ic, Ig 


ATLA 


From the leader in power 
device technology and 
innovator in plastic 
packaging .- 


dustrial Spplication needs. 
Our Power Transistor Selector 
‘Guide and factory personnel 
are available for your inquiries. 
Contact your local GE distrib- 
utor or write to General 
Electric Co., Electronics Park, 
Bldg. 7, Box 49, Syracuse, 

NY 13201. 


ELECTRIC 


SILICON POWER DARLINGTON TRANSISTORS 
NPN — HIGH GAIN 


229 


Py h 
=25°c VcEo Ic FE ft Package 
Lc C Min. Cont. @5V,200MA — Typical COMMENTS Package Outline 


Type 
(w (v) (A) inns : (MHz) 


® Very High Gain: 60k typical. 
High input impedance; 50k ohm 
typ. 1.2 watts Pr @ 25°C 
ambient. 


® Applications: audio output, 
touch switch, oscillator, buffer, 
high power transistor driver, 


relay replacement. 
D40C7 A 
D40C8 


SILICON POWER DARLINGTON TRANSISTORS 
COMPLEMENTARY — 2 AMPERES 


ft Package 


Pr 

a ty VcEO to hee 
Tos 25°C Win. Cont. @ 5V, 200 mA Typical COMMENTS Package Outline 
Max. (Vv) (a) (MHz) Type No 
(Ww) Min. Max. r 


10,000 ad 198 
TYPICAL APPLICATIONS 


10,000 © Driver 198 
® Regulator 
10,000 ® Touch Switch 198 
© IC Interface 
® Lamp Driver 
10,000 *® Audio Output 
@ Relay Substitute 
10,000 ® Servo-Amplifier 198 


10,000 198 


198 


SILICON POWER DARLINGTON TRANSISTORS 
COMPLEMENTARY — 10 AMPERES 


Package 
COMMENTS Package Outline 
ype No. 


RED 
Power Pac 
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TL) 


198A 


SILICON POWER TRANSISTORS 


NPN HIGH VOLTAGE 


hee hee tt 
@ 10V, ook Oe @10V, 500MA Typical 


1 Measured at 80mA 


2 Measured at 


2mA 


3 Measured at 200mA 


4 Measured at 


2A 
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COMMENTS 


Package 
Type 


BROWN 
Power Tab 


BROWN 
Power Tab 
BROWN 
Power Tab 
BROWN 
Power Tab 
BROWN 
Power Tab 
BROWN 
Power Tab 
BROWN 
Power Tab 
BROWN 
Power Tab 
RED 
Power Tab 
RED 
Power Tab 


RED 
Power Tab 


RED 
Power Tab 


RED 
Power Pac 
RED 


~~ RED 

Power Pac 
RED 

Power Pac 


Power Pac 


Package 
Outline 


RED 
Power Pac 


RED 
Power Pac 


RED 
Power Pac 


RED 
Power Pac 


RED 
Power Pac 


RED 
Power Pac 


RED 
Power Pac 
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SILICON POWER TRANSISTORS 
COMPLEMENTARY — 1 AMPERE 


Pr hee 


Vv ! hee Package 
GE Type To = 25°C “CEO c Package acKag 
Min. Cont. @2V, 100mA @ 2V, 1A COMMENTS 9 
NPN PNP Max. (Vv) ta) Type Outline 


(Ww) Min. 


TYPICAL APPLICATIONS 


® Amplifier Output and Driver 
Stages 

© Regulators series, shunt and 
switching 

® Inverters/Converters 


FEATURES 


® High Free Air Dissipation (1.25 
Watts @ 25°C) 

® Low Collector Saturation 
Voitage (0.5V Typ. @ 1.0A) 

© Excellent Linearity 

® Fast Switching 

® TO-5 Compatible 

® Typical ft, 150 MHz 


D41010 


D41D11 


041013 


SILICON POWER TRANSISTORS a 
COMPLEMENTARY — 2 AMPERES = 


Pr h 
=25°C V t FE hre i 
To= 25°C VcEo Cc _ @2V, 100Ma @ 2V, 14 Package Outline 

- Cont Type No. 


(A) Min. 
BROWN 
Power Tab 


BLACK 
Power Tab 


BROWN 
Power Tab 


BLACK 
Power Tab 
BROWN 
Power Tab 
BLACK 
Power Tab 
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ATTN 


SILICON POWER TRANSISTORS 
COMPLEMENTARY — 3 AMPERES 


Pr 

- Vv I hee hee Package 

GE Type To=2s°c “GEO Kf. @1v, 200mA @1V,1A COMMENTS Package Outline 

NPN PNP we (v) (A) - ai Type No 
in. . 


TYPICAL APPLICATIONS 

" @ Amplifier Output and Driver 

Stages 

| @ Regulators series, shunt and 
switching 

@ Inverters/Converters 


FEATURES 


® High Free Air Dissipation (2.1 
Watts @ 25°C) 

© Very Low collector Saturation 
Voltage (0.2V Typ. @ 1.0A) 

®@ Excellent Linearity 

® Fast Switching 

® TO-5 Compatible 

@ Typical t;, 50 MHz 


‘hee measured at Ic = 2A. 
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SILICON POWER TRANSISTORS 


B 229 


COMPLEMENTARY — 4 AMPERES c 


Pr f 

=25°c Vceo 'c hre hee Package 
woe THRE Toe 26°C “Min. Cont. @1V, 200mA @ 1V, 1A COMMENTS stil Outline 

(Ww) {v) (a) Min. Max. Min. Ne: 


044c1 = 30 25 - 229 


-—30 25 a j 229 


30 40 120 229 


-30 | / 40 120 ae 229 


30 40 120 : 22° 


30 40 120 : 229 


229 


229 


- D4sc4 | 45 25 Sync TYPICAL APPLICATIONS 


D44C5 - 45 40 120, | © Amplifier Outputs 229 
‘ : @ Regulators: series, shunt, and 
- D45c5 45 40 120 switching 229 
. : . © Inverters/Converters 
D44C6 - 4 45 40 120 : 229 
. FEATURES 
= D45C6 = —45 40 120 : ; 229 
A : ® Low Collector Saturation 
D44c7 nd | ; 60 25 = : : Voltage (0.5V Typ. @ 3.0A Ic) 229 
* : @ Excellent Linearity 
— D45C7 (369 -co | 25 = | © Fast Switching | 229 
2 : ' ® Round Leads 
D44c8 = 0 40 120, | © TO-66 Compatible 229 
- 4 : ®@ Typical fr, 50 MHz 


044C10 


D45C10 


D44cC11 


D45¢11 | 


D44C12 - 


- D45C12 | 


: hee measured at Ic = 2A 


229 SILICON POWER TRANSISTORS 
COMPLEMENTARY — 10 AMPERES 


Pt 
Vv 1 hee Nee P; 
GE Type Tco= 25°c “CEO c ackage 
Min. Cont. @1V,2A @1V,4A COMMENTS Package = Qutline 
NPN PNP Max. (Vv) (a) ee aes Type No. 


(w) Min. Min. 


RED 
Power Pac 
GREEN 
Power Pac 
RED 
Power Pac 
GREEN 
Power Pac 
RED 
Power Pac 
GREEN 
Power Pac 
RED 
Power Pac 
GREEN 
Power Pac 
RED 
Power Pac 
GREEN 
Power Pac 
RED 
Power Pac 
GREEN 
= c aH ‘ Power Pac 
60 Po 024V Typ. @30Ai.) GREEN a 
i. lent ity ie Power Pac 47 oa 
- AG ee REO 
ue Power Pac 
GREEN 
Power Pac 
RED 
Power Pac 
r : : : : : GREEN 
aan a : oo 1) Power Pac 
~~ GREEN 
Power Pac 


35 20 
35 20 
60 40 
60 40 


35 20 


35 20 


60 40 


60 40 
35 
35 


60 
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SILICON SIGNAL DIODES 
100 MA TYPES 


BV - c Pack 
IR @ : . ‘O ckage 
Part Number @ 100LA on oe Ge Meio @DV wp EES mn Outline 


Min. (V) “tal [@Vna lv) (v) | @ ip ima) (Pf Suuinber 
1N914 ' 25 
1N914A i 25 
1N914B 25 
1N916 : 25 
IN916A 25 
1N916B 25 
1N4148* 25 
1N4149 25 
1N4151 50 
1N4152 50 
1N4153* aS 50 
1N4154 
1N4305 
1N4444 
1N4446 
1N4447 
1N4448 
1N4449 
1N4454* 
1N4531* 
1N4532 
1N4533 
1N4534 
1N4536 
1N4727 
1N4863 
DA1701 
DA1702 
DA1703 
0A1704 
MA1701 
MA1702 
MA1703 D034 
MA1704 : = D034 
02800 : i : q : D035 
DZ805 a »  DO35 
DZ806 2 D035 


D035 
D035 
DO35 
D035 
D035 
D035 
D035 
D035 
D035 
D035 
D035 
D035 
DO35 
D035 
D035 
DO35 
D035 
DO35 
D035 
D034 
D034 
D034 
D034 
D034 
D035 
D035 
DO35 
DO35 
BO35 
D035 
D034 
D034 


4 
4 
4 
2 
2 
2 
4 
2 
2 
2 
2 
4 
2 
2 
4 
2 
4 
2 
2 
4 
2 
2 
2 
4 
4 
2 
i 
1 
2 
3 
1 
1 
2 
3 


* JAN and JANTX types available 1 Measured at 5UA 
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HTT 


38 


Part Number 
1N4150 * 
1N4450 
1N4606 


Part Number 


1N4608 


DT230H1 
DT230B 
DT230G 
DT230A 
OT230F 


* JAN and JANTX types available 


Part Number 
1N4156 
1N4157 
1N4453 
1N4828 
1N4829 
1N4830 
1N5179 
MPD200 
MPD201 
MP0202 
MP0203 
STB567 
MPD300 
MpD301 
MPD302 
STB568 
mpp400 
MpD401 
mPD402 
STB569 


1 Measured @ 100uA 


SIGNAL DIODES 
100 — 200 MA TYPES 


@ Ir(mA) 


Package 
Type 


0035 
bO35 
DO35 


Package 
Type 


Package 
Outline No. 


Package 
Outline No. 


<0 
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Package 
Type 


DO35 
D035 
bO35 
DO35 
0035 
DO35 
DO35 
DO35 
D035 
0035 
DO35 
DO35 
D035 
0035 
0035 
DO35 
D035 
DO35 
DO35 
bO35 


40, 41, 42 


Package 
Outline No. 


TUNNEL DIODES 
PACKAGES 


Pall Percoll Ma 


UHF Oscillator 
Level Detector 
Peak Sensing 
Frequency Divider 
Converter 

High Speed Logic 
Sampling Circuits 


FREQUENCY IN GHz (Fro) 


1N3712 


Tunnel Diodes 
General Purpose 


@ Low Cost 

@ Hermetically Sealed 

@ Electrically & 
Mechanically 
Rugged 


@ Mil. Versions Available 


Ip 
Peak Point 
Current 

peration (mA) 


1D-1 


100°C 


1N3712 
1N3713 + 


1N37172 
1N3718 
1N3719 1 


1 Mil. Versions Available. 


APPLICATIONS 


Fast rise time pulse 
generators 

Amplitude Discriminator 

Sampling Circuits 

Fast threshold detectors 

Ultra High Speed Logic 

Level Sensing 


Detectors 
Mixers 

Limiters 
Compressors 
Power Monitors 


TYPES AVAILABLE 


TD 260 

Tunnel Diodes 
Ultra High Speed 
Switch 


Back Diodes 
General Purpose 


FEATURES 


@ Very fast switching. 

@ Very stable at elevated 
operating 
temperatures. 

@ Low functional cost. 


@ Low Cost 

@ Hermetically Sealed 

@ Electrically & 
Mechanically 
Rugged 


Amplifiers and self 
oscillating mixers 
through X band 

Phase array radar 

Frequency converters 

Low level digital phase 
shifters 


Pulse position modulators 


TD400 


Tunnel Diodes 
Microwave 


@ Controlled negative 
conductance 

@ Controlled cutoff 
frequencies 

@ Low noise 

@ Low package 
inductance 

@ Stable at elevated 
operating 
temperatures 


TUNNEL DIODES 
GENERAL PURPOSE 
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Doppler mixers 
Detectors 
Limiters 
Compressors 


BD400 


Back Diodes 
Microwave 


@ Low capacitance 

@ Low inductance 

@ Low ‘“‘on” voltage 

@ Very high frequency 
capability 5 

@ Low |/F noise ratio 


fro 
— Resistive 
Negative Cutoft 
Conductance Frequency 
(mhos x 10-4) Tee 
Hz) 


190 + 30 


Ip Cc 
Peak Point Tota! 
Capacitance Vai 


@ In = tp max 
(mV) 


tp 
-+ 100°C Peak 
Operation Point 
TD-260 “ (mA) 
Current 

2.2 + 10% 

2.2+ 10% 

4.7 + 10% 

4.74 10% 

10.0 + 10% 

10.0 + 10% 

10.0 + 10% 

22.0 + 10% 

22.0 + 10% 

50.0 + 10% 

50.0 + 10% 

100 + 10% 

100 + 10% 


Ip 
Peak Point 
Current 


Max. 
(ma) 
BD-404 


BD-407 


BACK DIODES 
GENFRAL PURPOSE 


Reverse Voltage 
Min. 


TUNNEL DIODES 
ULTRA HIGH-SPEED SWITCHING 


BACK DIODES 
MICROWAVE 


Reverse Voltage 


c 
Total Min, 
Capacitance Vai 


Max. 
@ Ir = Ip max 
(oF) no nv)’ 
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Typical 
(psec.) 


(mV) 


UNIJUNCTIONS, TRIGGERS 
AND SWITCHES 


Since the introduction of the commercial silicon unijunction transistor in 1956, General Electric has continued de- 
veloping an extensive line of negative resistance threshold and four-layer switch devices. Each of these devices can 


be used as a power thyristor trigger, and each offers a special advantage for a particular trigger function. In addition, 
each can be used for various non-trigger applications. 


The features—both in design and characteristics—which you receive with these products are concisely defined for 
each series: 


TYPES 


CONVENTIONAL UNIJUNCTIONS 2N489-494—proved reliability, MIL spec version. 
2N2646-47—low cost, proved hermetic sealed device. 


PROGRAMMABLE UNIJUNCTION TRANSISTOR (PUT)—variable threshold, low cost, fast switching speed, 
and circuit adjustable electrical characteristics. 


COMPLEMENTARY UNIJUNCTION TRANSISTOR—uItimate in temperature stability for timing and oscillator 
applications. 


SILICON UNILATERAL SWITCH (SUS)—a stable fixed low voltage threshold, low cost, high performance 
“4-layer diode.” 


SILICON BILATERAL SWITCH (SBS)—low voltage triac trigger, two silicon unilateral switches connected 
back to back. 


SILICON CONTROLLED SWITCH (SCS)—high triggering sensitivity, 4-lead capability for multiple loads or 
dv/dt suppression. 


APPLICATIONS 


OF" 
Unijunctions 

Device Triggers j 
Conventional Complementary Programmable : 


2N489-94, 2N2646 DSK1 2N6027 SUS SBS 
2N1671, 2N2160 2N2647 DSK2 2N6028 2N4983-90 2N4991-93 


OC, Lo Cost F E E 
DC, Hi Perf. 

DC, Volt Regulator 
DC, Inverter 

DC, Hi AI/AT 

AC, ¢, Hi Perf. 

AC, ¢, Hif 

AC, Lo RFI 

AC, ¢, Lo Cost 

>1 br. 

>1 min, Lo Cost 
>1 min, Stable 
<1 min, Lo Cost 


Trigger for SCR’s 


<1 min, Stable 
<10V 

10V-25V 
>25v 
Stability 
Cost 
Adjust, Range 
Military 
Hi-Rel 
Economy 


TM an mm om) ole mim 


F 
P 
F 
P 
F 
F 
P 
F 
P 
F 
P 
F 
P 
P 
E 
P 
F 
F 
E 
P 
P 
F 


Minlolz/2zj2z/m/_ mJ 2zjzinjzj2j2jpm(m)/upnjupnimin 


E- Excellent, F = Fair, P = Poor, N — Not Appticable 
‘With additional circuitry 
2 Hermetic version 2N6116-18 
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NTT 


CONVENTIONAL 
UNISUNCTIONS 


General Electric produces a very broad line of standard UJT’s. The TO-5 ceramic disc bar structure device has been the workhorse of 
the unijunction industry for over 10 years. MIL versions are available on the 2N489-494 series. 


The cube structure TO-18 series offers excellent value for those requiring proved, low cost units. 


Applications 


Osciliators SCR Triggers 
Timers Frequency Divider 
Sawtooth Generators Stable Voltage Sensing 


Reso Ip leo Vos, 
Interbase n lv Peak Point Emitter Base One 
Resistance Intrinsic Valley Emitter Reverse Current Peak Pulse 
@ Vee = 3¥—s Standoff Current Current Voltage 
GE le = 0 Ratio Min. Max. Max. T= 25°C Min. Comments Packa 
Type (K2) = @ Ves = 10¥— (mA) (aA) (uA) @ Vox (V) ‘ackage 
2N489 : 4 | ee : > | 
2N4B9A * ' -51-.62 ae q 12 : aa 3 
2N489B ae a 6 / 3 


2N490C 


2N491 = 
2N491A * .56-.68 : 12 3 
e _ 2Na918 6 3 
2 4 i 
5 2N4928 | 56.68 6 3 
~ — 2N492¢ 2 3 
OJ 
co —-2N493 12 a 
“> = -2N493A * 62-.75 a2 | 3 
©  2N4938 6 3 
pNasaa* 1 2 
leet} 62-.75 2 3 
2N494C 3 
era EE 
2N16718 47-62 6 
QN1671C 


2N2160 
2N2646 


-47-.80 
-56-.75 


Seo 22647 68-82 2 

2 I i 

o z 05J-43 | 68.82 | 2 5 
—?  si-44 .68-.82 : 5 


2N2840 


.62 Typical | 


* JAN & JANTX types available 
2Ves=1.5V 
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PROGRAMMABLE UNIJUNCTIONS 
(PUT — D13T SERIES) 


The 2N6028 is specifically characterized for long interval timers and other applications requiring low leakage and 
low peak point current. The 2N6027 has been characterized for general use where the low peak point current of the 
2N6028 is not essential. 


Applications: 


© SCR Trigger __ @ Sensing Circuits 
@ Pulse & Timing Circuits @ Sweep Circuits 
® Oscillators 


Outstanding Features of the PUT: 


© Low Cost © Programmable » 

@ Low Leakage Current @ Programmable Ro 

@ Low Peak Point Current ® Programmable |, 

© Low Forward Voltage ® Programmable ly 

e Fast, High Energy Trigger Pulse ¢ Planar Passivated Structure 


Gate to Iv 
Anode M Valiey 
Reverse Anode . Current 


Voltage Current @ = Min. 
JEDEC Max. jax. 1Meg. @ Re = 10k in, Max. 
Types (v) (mA) (4A) {nsec.) Package 


COMPLEMENTARY UNIJUNCTIONS 
(D5K SERIES) 


The D5K offers the ultimate in unijunction stability and uniformity. Low frequency oscillators and timers can be built 
using the D5K with better than 1.0% accuracy over extended temperature ranges. The D5K has characteristics like 
those of a standard unijunction except the currents and voltages applied to it are of opposite polarity than those of 
the standard devices. 


le leo Yo . 
Reo lv Peak Point Emitter Peak Operating Frequency 


Interbase n Valley Emitter Reverse Pulse A Stability 
Resistance Intrinsic Current Current Current Voltage from 25°C 
GE @ le, = 0.1MA Standoff Min. Max. Max. Min. To —55 to +-180°C 
Type kQ Ratio (mA) (uA) (nA) % Package 


125 


SILICON UNILATERAL AND BILATERAL SWITCHES 


(SUS, SBS) 


The General Electric SUS is a silicon, planar monolithic integrated circuit having thyristor electrical characteristics closely approxi- 
mating those of an “ideal” four-layer diode. The device is designed to switch at 8 volts with a typical temperature coefficient of 
0.02% /°C. A gate lead is provided to eliminate rate effect, obtain triggering at lower voltages, and to obtain transient-free waveforms. 


The SBS is a bilateral version of the forward characteristics of the SUS. It provides excellently matched characteristics in both direc- 
tions with the same low temperature coefficient. 


le 
Peak 
Recurrent 
Tc 
Ie Temperature Vs le Vo 

Vacr Continuous Coefficient Switching Is Forward VE Peak 
Reverse Forward of Voltage Switching Blocking Forward i) Pulse 
Voltage Current Py Switching Current Current Voltage Holding Voltage 
Max. duty cycle Dissipation Voltage Min. | Max. Max. @ SV @ 200mA Current Min. 
(mA) (A) (mW) (%/°C) (V) (V) (uA) (uA) (Vv) (mA) (Vv) Package 
2N4987 175 6 10 100 | 15 
2N4988 200 7.5 0.1 |S 
2N4989 200 : 7.5 r 0.01 
2N4990 q 175 i 0.1 
2N4983 : 1.0 
2N4984 200 : 0.1 
2N4985 200 
2N4986 175 01 
2N4991 175 1.0 
2N4992 200 ; 0.1 


2N4993 175 1.0 


16 


Unilateral 


Bilateral 


SILICON CONTROL SWITCHES 
(SCS) 


High triggering sensitivity. 4 lead capability 
for multiple load or dv/dt suppression. 


Con- 
Cutoff ducting Max. 
Charac- Charac- Gate Gate triggering 
teristics teristics Ratings Characteristics 


Peak 
Vax Ie Recurrent Cathode letk Verk Iota Vora 
Anode Continuous Forward @ Vax=40V, @ Vax=40V, 
Voltage OC Forward Current Q ] Ri.= 800”), Ri. =8002, 
0 10KQ Tu Rea= oo Rex= 10K Package 
(uA) (mA) (uA) (Vv) (ma) (V) 


GE Blocking Current @ 100usec Current 
Type (Vv) (mA) (A) (mA) 


* Measured @125°C. + Measured in special test circuit (See specification sheet). 


ADDITIONAL REFERENCE PUBLICATIONS 
ORDER BY PUBLICATION NUMBER 


90.10 The Unijunction Transistor Characteristics 90.19 Unijunction Frequency Divider 90.72 Complementary Unijunction Transistors 
and Applications 90.70 The D13T—A Programmable Unijunction 
90.12 Unijunction Temperature Compensation Transistor 
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PL 


OPTOELECTRONICS 


INFRARED EMITTERS 


“| MIN. | MAX. [PEAK EMISSION| RISE FALL |MAX.| MAX. Ip 
GE TypE|PASE| ~poe@ | ve@ | WAVELENGTH| TIME TIME Pp | CONT. 
©. |, -=100mA|I¢=100mA|TYP. n. METERS |TYP. n, SEC.|TYP. n. SEC.) mw | mA 


LEDS5C 1| 5.4mwW 940 -| 200 1 100 
LEDS5B | 134i; 3.5mW | : 940 300. 200 100 
LED56 1.5mW | 940 C 200 | 100 
LEDS55C 5.4mW 940 300. 200 «|i 100 
LEDS5BF 3.5mW | 940 oe 200 300, 100 
LEDS6F 1.5mW | 940 - 200 | 100 


DETECTORS 
PHOTO TRANSISTORS 


SENSITIVITY (ma/mwiem?) BVaco SWITCHING TYP. TYP. 
oe MIN. MAX. (v) t (USEC) | ty (USEC) | Vcetsat) 
6 7) 4 5 
3 4s | 


2N5777 
2N5778 
2N5779 
2N5780 
LI4F1 
L14F2 


OPTO COUPLERS 


PHOTO TRANSISTOR OUTPUT 


ISOLATION CURRENT BVcEo TYPICAL y 
VOLTAGE (V,,) | TRANSFER (VOLTS) (uSEC.) PH ia 
MIN. RATIO MIN. : MIN. Tr Tr 2 


H11A1 2500 a 
H11A2 1500 
H11AZ 2500 . 
H11A4 1500 
H11A5 1500 


H11A520 5656 
H11A550 5656 
H11A5100 5656 
H15A1 4000 Vams 
H15A2 4000 Vams 

4N25 2500 

AN25A 1775 Vrms 

4N26 1500 

4N27 1500 

4N28 500 

4N35 ‘| 2500 Vams 

4N36 1750 Vams 

4N37 1050 Vams 
H74A1 27) 1500 


PAGE 


GE TYPE NO. 


MMAAWWWWWWHODNNN PONWWNN YD 
MAMWWWWWWWNNYN NNNNW 
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PROGRAMMABLE THRESHOLD COUPLER 
ISOLATION CURRENT 


GE TYPE VOLTAGE (V,,)| TRANSFER . Nes (ari 
MIN, [RATIO MIN, . 


1775 Vams 


PHOTO DARLINGTON OUTPUT 


H11B1 4793) 2500 
H11B2 1500 
H11B3 1500 
H11B255 1500 
H15B2 5 | 4000 Vams 
4N29 2500 
AN29A 1775 Ves 
4N30 1500 
4N31 1500 
4N32 2500 


4N33 


AN32A 1775 Vams 
1500 


PHOTO SCR OUTPUT 


ISOLATION 
GE TYPE frase VOLTAGE MIN. 


PHOTON COUPLED INTERRUPTER MODULE 


BS ee OW GaEET fe GEC wa” 
GE TYPE OUTPUT CURREN TON USEC) | 
TON (USEC) | te (uSEC.) 


MATCHED EMITTER DETECTOR PAIRS 


Ip = 20mA 
Ip =20mA 
Ip = 20mA 
Ip = 20mA 
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FAST RECOVERY RECTIFIERS SELECTOR GUIDE 
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AVERAGE CURRENT-AMPERES 


STANDARD RECTIFIERS SELECTOR GUIDE 
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RECTIFIERS 


THE INDUSTRY'S BROADEST LINE OF POWER RECTIFIERS—.250 TO 1500 AMPERES, UP T0 3000 VOLTS 


M@ CURRENT/ VOLTAGE RATINGS @ HIGH-SPEED FAST RECOVERY 
M@ PACKAGING Mt TRANSIENT SELF-PROTECTION 
M@ MOUNTING AND COOLING M@ GENERAL PURPOSE 


19.2 119 


RECTIFIERS 
.25 TO 3 AMPERES 


JEDEC — —_1N5059-62 1N4245-49 
GE TYPE 
SPECIFICATIONS 
(A) oe (_ S . a 


1N5624-27 _ ~~ 
0T230 A14A-P _ GER4001-7 A114A-M = AISA-N ATISA-M 


lemiayy 


@ Ta(°C) 1000 _ WH | — 70 55 
Vam(rep) — Max. repetitive peak reverse voltage (V) ee a oe 2 . 
50 : ALF = GER4001 | _ AL15F 
100 e AMA. GER4002 be _ : | ALISA 


150 — | hE _ = 
200 : | 1N5059 4g * GER4003 4 1N5624 
250 a — Ge = ) fC i : z= E e a; 


ee 
> 
= 
ay 
on 
ao 


300 | / Alc  - Ae TC Tt 
400 (os 1N5060 | | GER4004 |) 1N5625 | A115D 
500 cee =AI4E Oe _ — jie — : | ALLSE 


600 2 1N5061 | GER4005 (ANMIMM 1N5626 | ALISM 
800 “ee 1N5062 = GER4OO6 tam) N5G27  _ 
1909 AP! ANMeab | ceRd007 - 4 ae 
lrM jsurge) Max. peak one cycle, non- een surge ; ; 
current (60 Hz sine wave, 1 phas 50 30 : | 125 110 
operation) @ max. rated load conditions (A) : a 


it Max. non-repetitive for 8.3 msec. (Azsec) : 4 _ oe r+) / 20 


Operating junction temperature range (°C) 


Storage temperature range (°C) 


Max. peak forward voltage drop @ 
rated lejav) (1 phase operation) 


Max. reverse recovery time (usec) : 4 ae é : 
PACKAGE OUTLINE NO. L / 19 19 fe. 119.2 4g 119.2 
NOTE: 


* Average forward current 1 amp. @ Ta=90°C. Junction, operating and storage temperature range —65 to +-165°C, 
* JAN & JANTX types available 
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RECTIFIERS 
5 TO 12 AMPERES 


1N1199A-1206A 
JEDEC 1N1612-16 1N1341A-48A 1N3987-90 1N3879-83 1N3670A-73A 1N3889-93 1N4510-11 
1N5331 


GE TYPES 
SPECIFICATIONS 

[ temav) (A) 

@ Tec = (°C) 


Max. repetitive peak reverse 
voltage (V) 


VAMirep) 


IN1341A___ 1N3879.— ")_1N3889 
7N1342A 7) 1N3880. | " 1N3890* 
IN1343A_ = eS = 
1N1344A "1N3881—  1N3891" 
IN1345A / 1N3882 | 1N3892 
1N1346A__ 1N3883. | 1N3893* 
1N1347A a ‘  - 
1N1348A : = i . - 


7 1N4510 
1200 : oo 1N4511 


Max. peak one-cycle, non-recurrent 2 4 : 

surge current (60 Hz sine wave, 1/ i. : ne 240 
phase operation) @ max. rated load : 

conditions (A) 


lem (surge) 


Max. non-repetitive for 1.0 msec 
(A2 sec) 


Operating junction temperature 
range (°C) 


Storage temperature range (°C) 


Max. thermal resistance, junction- 
to-case (°C/W) 


Max. peak forward voltage drop 
@ rated I; av) (1 phase opera- 
tion) (V) 


@Tc= (°C) 


Trp Max. reverse recovery time (nsec) 
PACKAGE OUTLINE NO. 


*JAN & JANTX types available. 
** A28 reverse polarity is an A29. 


The best way to assure reliability in a low-current rectifier pellet is to put 
it in a package that really protects it. Protects it from shock, humidity, 
vibration and temperature. 

And that’s just what we do with General Electric’s glassivated 1-amp (A14) 
and 3-amp (A15) rectifiers. Solid glass provides passivation and protection 


of the silicon pellet’s P-N junction — no organic material is present within 
the hermetically sealed package. !n addition, rigid mechanical support and ex- 
cellent thermal characteristics are provided by the dual heat sink construction. 


For high-frequency applications, GE offers a fast-recovery rectifier, the 1-amp 
A114, with a 200 nsec. max. reverse recovery. 
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JEDEC 


[_GE TYPE 


SPECIFICATIONS 


Max. average forward 
lem(Av) current (1 phase oper- 
ation) (A) 


@Tc=(°C) 


Max. repetitive peak 
reverse voltage (V) 


50 


VRM(rep) 


100 


160 


—1N1191A 


| 1N1192A 
| 1N1193A4 


RECTIFIERS 
20 TO 25 AMPERES 


1N1183-90 ] 
1N3768-68 1N1183A- 1N3909. | 


1N5332 90A 


1N1183 | 1N1183A 99% 1N3900* 


1N1184* IN1184A {NGG 1N3910*) § 
1N1185 ee 1N1185A 


200 


| 1N1194A 


300 


 1N1195A 


IN1186* | 1N1186A | 1NB807" i1N3011% | 


1N1187 | 111874 goog" = 13012" 


400 


| 1N1196A 


500 


| 1N1197A 


600 


| 1N1198A 


700 
800 
900 
1000 


1200 


Max. peak one cycie, 
non-recurrent surge cur- 
rent (60 Hz sine wave, 

1 phase operation) @ 
max. rated load con- 
ditions (A) 


TE M(surge) 


Max. 12+ rating (non- 
repetitive for 8.3 msec} 
A? sec 


Operating junction tem-: 
perature range (°C) 


Storage temperature 
range (°C) 


Max. thermal resistance, 
junction-to-case (°C/W) 


Max. peak forward 
voltage drop @ rated 
tecay) (1 phase opera- 
tion) (V) 

@ Tc = (°C) 

Max. reverse recovery 
time (nsec) 


PACKAGE QUTLINE NO. 


* JAN & JANTX types available. 


1N1188* 7 1N1188A 7 UNG 1N3913* | | 


iN1189 = 1N1189A 


1N1190* = 8 in1190A . 


1N3765 
1N3766 
1N3767 
1N3768 
1N5332 


—65 to 
+175 


—65 to & 
+175 


1.5 
Typical ; 


1,00 | 
Typical ; 
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RECTIFIERS 
100 TO 150 AMPERES 


JEDEC TYPE 1N3289-96 
GE TYPE 
SPECIFICATIONS 


I Max. average forward current (1 phase 
FM(AV) operation) 


Vam 
(surge) 


A170PA 


A170PB 


1300 "= At70PC 
1400 A170PD 
1500 : - A170PE 


\ Max. peak one cycle, non-recurrent surge 
Fm current (60 Hz sine wave, 1 phase opera- 
(surge) — tion) @ max. rated load conditions (A) 


12% Max. non-repetitive for 8.3 msec (A2 sec) 
Ty 


R Max. thermal resistance, junction-to-case 
6JC (°C/W) 


Vv Max. Peak forward voltage drop @ 
FM tated I-(av) (1 phase operation) 


Q,, Max. reverse recovered charge, Ty = 25°C 


PACKAGE OUTLINE NO. 
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1N3260-75 


1N3260 
1N3261 
1N3262 


1N3263 
1N3264 
1N3265 
1N3266 


1N3267 


1N3268 


1N3269 
1N3270 
1N3271 
1N3272 


1N3273 


1N3274 


1N3275 


-65 to +190 


55 to +190 


A187P 
A187PA 
A187PB 


A187PC 
A187PD 
A187PE 


-40 to +175 
-40 to +200 


GE TYPE 
SPECIFICATIONS 


Max. average forward current (1 phase : 
TFM(AV) operation) (A) : 


@ Te = (°c) 


VEM(rep) Max. repetitive peak reverse voltage (V) 


1700 


800 
1800 
2700 
2800 | 


t Max. peak one cycle, non-recurrent surge 
FM current (60 Hz sine wave, 1 phase opera- 


(surge) tion) @ max. rated load conditions (A) = 


124 Max. non-repetitive for 8.3 msec (A2 sec) & 
Ty Operating junction temperature range (°C) ; ; 
T ste Storage temperature range (°C) ; 


Max. thermal resistance, junction-to-case 
Resc  (°c/w) 
Vv Max. peak forward voltage drop @ rated 
FM lE(Ay) (1 phase operation) 


@ Teo ° (°c) : 
Q., Max. reverse recovered charge @ T , = 25°C 
PACKAGE NO. i 


RECTIFIERS 
250 TO 740 AMPERES 


: 
1N3741 = 


1N3742 


1N3743 ae 
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= 100,000 | 
f 6510 +190 


-65 to +200 


A397PA 
A397PB 


( -40 to +175 | 
| -40 to +200 7 


GE TYPE 


SPECIFICATIONS 


t Max. average forward current 
FM(AV) (1 phase operation) (A) 


@ Te = (°C) 
VEM(rep) Max. repetitive peak reverse voltage (V) 
100 
200 
300 
400 
500 


3000 


' Max. peak one cycle, non-recurrent surge 
FM current (60 Hz sine wave, 1 phase opera- 
(surge) tion) @ max. rated load conditions (A) 


2 Max. non-repetitive for 8.3 msec (A2 sec) 
Ty Operating junction temperature range (°C) 
Tstg Storage temperature range (°C) 


R Max. thermal resistance, junction-to-case 
6IC (°C/W) 


Max. peak forward voltage drop @ rated 
le(ay) (1 phase operation) 


@ Te = (°C) 
Q,, Max. reverse recovered charge @ T , = 25°C 
PACKAGE NO. 


Vem 


750 TO 1500 AMPERES 


A437 


RECTIFIERS 


A596 


AS9O6N 


ASO6T 


AS96EP 


ASQGPA 


AS96PB 


ASSG6PC 


AS96PD 


10,000 


415,000 
-40 to +175 
-40 to +200 


057 


2.3 


125 


300 


182 


136 


A430 


A540 


AS40L 

AS40LA 
AS40LB 
AS40LC 
A540LD 


12,000 


597,000 
-40 to +200 
-40 to +200 


.057 


A696 


A570 


A640 


18,000 


1,300,000 
-40 to +200 
-40 to +200 


.057 


VOLTAGE RATINGS-VOLTS 


VOLTAGE RATINGS-VOLTS 


PHASE CONTROL SCR’s SELECTOR GUIDE 


Aeneas cee teed eed awd 


1.6 4 74 0 4 
Low 1 MI! 
CURRENT CURRENT 


2NI7 70-78, 2N2619 
2NI842-50 


aie ea 
2N2322-29 


2NI7T TOA -77A 


2 
rs) 
[a 
8 


2N2344-48 
2N68I-92 


° 


[| (c3__}-2N877-8) 
{ _¢203 | 


° 
a 
9° 
o 


sae 


C50/C52 


OEE Ee ee es 
CISO/CI52 


C45/C46 


C{80x50C 
C380x500 


a eel ems Erp med heme hemmed bamead 
180 235 300 380 500 850 940 1400 1950 2400 
HIGH 
CURRENT 


RMS CURRENT RATINGS-AMPERES 


“Phase Control” is a term used to describe SCR’s where fast turn-off time is not a prime requirement. The trade-offs 
in SCR design are such that turn-off time has an inverse relationship to current and voltage capability for any given 
junction size. Primary applications for a device with relatively slow turn-off are AC phase control—hence the name 
See ae This type of device is also used for zero voltage switching and select pulse applications. See 
pages 36-41. 
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ATT 


112 195.1 


PHASE CONTROL SCR’s 
-5 TO 5 AMPERES 


GE TYPE c3 cs 
JEDEC 2N877-816 2N5060-64 2N2322-29 2N2344-48 2N1595-99,A. 
ELECTRICAL SPECIFICATIONS 

VOLTAGE RANGE 25-400 25-200 
FORWARD CONDUCTION 

't(RMs) Max. RMS on-state current (A) 1.6 1.6 


Max. average on-state current @ 180° 50 1.0 1.0 

conduction (A) @ T, @ 85°C @ 55°C 
Max. peak one cycle, non-repetitive 15 15 
surge currant (A) : 


Max. 1? ¢ for fusing tor > 1.5 msec q 05 
(A? sec) : Z 


Max. peak on-state voltage @ 25°C, 180° 
conduction, rated Iy(av) (V) 

Max. internal thermal resistance, dc 
junction-to-case (°C/W) 


Max. holding current @ 25°C (mA) 


Typical turn-off time (usec) @ max. T, i 20 


Maximum turn-off time (usec @ 110°C} { 
Typical turn-on time (usec @ 110°C) ‘i 1.4 1.4 


di/dt Max, rate-of-rise of turned-on current 50 = 
(A/usec} 


Junction operating temperature range (°C) —65 to 125 —65 to 125 | | —65 to 100 —40 to 110 —40 to 110 
BLOCKING 


Typical critical rate-of-rise of off-state 
dv/dt voltage, exponential to rated Vo niu 


@ max, rated T; (V/usec) 
\ FIRING 
\ Max. required gate current to trigger (uA) 
ey @ -65°C 
@ —40°C 
@ 25°C 


t Max. required gate voltage to trigger (V)} 
Vet ‘ 
@ —-65°C 


@ -40°C 
@ 25°C 


Min. required gate voltage to trigger (V) 
Ver _@ 110°C 


@ 125°C 
VOLTAGE TYPES 
Repetitive Peak Forward and Reverse Voltages 


: co 
C106F1 

c103YY i - | 
2N2346 C106A1 

oes 

2N2327 = 
173 C173 


500 


"JAN & JANTX types available, 
t. 2N885-89 available 20 mA max. IGT. 
2. 2N2322A-28A available 20 mA max. IGT. 


138 


243 


PHASE 
CONTROL SCR’s 
7.4 TO 25 AMPERES 


241 
104 230.1 


230.2 


[ GE TYPE c10 c11 c15 C116 €122-3* C220-2 C126 C36 C37 
2N1770A- 
JEDEC TIA 2N1770-78 - - ~ - ~ 2N1842-50 - 


ELECTRICAL SPECIFICATIONS 
VOLTAGE RANGE 
FORWARD CONDUCTION 


It(RMs) Max. RMS on-state current (A) 
i Max, average on-state current @ 180° 
TIAV) conduction (A). @ To (°C) 
Max. peak one cycle, non-repetitive 
Surge current (A) 
17t Max. |?t for fusing for > 1.5 msec (A? sec) 
Vv Max. peak on-state voltage @ 25°C, 180° 
™ conduction, rated It (ay) (V) 
R Max, internal thermal resistance, de, 
9JC _ junetion-to-case (°C/W) 
Wy Max, holding current @ 25°C (mA) 
‘ Typical turn-off time (usec) 
q @ 100°C 
@ 125°C 
re +t, Typical turn-on time (usec) 
. Max. rate-of-rise turned-on current 
difdt {A/usec) 
T; Junction operating temperature range (°C) 
BLOCKING 
Typical critical rate-of-rise of off-state : ae aoe 
dv/dt voltage. Exponential @ max. rated T, jays 2 50 é 100 
(V/usec) Lea : 
FIRING 
lot ee core ied gate current to trigger (mA) i ¢ _ a 30 by 
@ —40°C ee = : 150 
@ 25°C Peed 15 80 
Ver eo gate voltage to trigger {V} . = d ce 
@ ~40°C Poe = 3.5 
@ 25°C See 1.35 = 
Min. required gate voltage to trigger (V) U = 
Vet _@ 100°C Le be 
@ 110°C = = 
@ 126°C 0.3 = 
@ 150°C = : = 
VOLTAGE TYPES 
Repetitive Peak Forward and Reverse Voltages i So eg 
2 Mm 2N1770 2N1842 
bis ! = “e1Uu = —¢22200— | “C36U 
E | 2N1771 i 4 C220F 2N1843 
Ree, ay i CIIF Bae: -  €222F  “C36F 
& 2N1772 | C220A 2N 184. 
100 : C11A - C116A1 / C222A : C36A 
150 i Bays = Case" 
} 2 = 
; 2NI77 Ae C2208 7 2ON1846 
200 : c11B | CTI6B1 C2228 C368 
L iad oe “cin = a - Be 
& ce: 2N1776 : C220C : > 2N1848 
on i i ChisCt C2226  “C36c 
2 © 2N1777 2 C€220D Se 2N 184: 
ti 400 : . C110 C116D1 €222D : C36D 
F 2N1778 C220E 2N1850 
500 PC CIE C116E1 C2220E __C36E 
600 ‘ *CtiM c116M1 a ae _ c3em 
[ 700 
800 a : : 
j 4 esp oii 55) 241(C222) | ae 
PACKAGE QUTLINE NO. a 173 242,35, 4,5 _ 107 
- = &6(C220). 


*C123 isolated version of C122, 
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25 TO 35 AMPERES 


C228-9 


GE TYPE - 230-2 
JEDEC 2N681-92* ae 
ELECTRICAL SPECIFICATIONS 


VOLTAGE RANGE 
FORWARD CONDUCTION 


ly(Ams) Max. RMS on-state current (A) ; 25 
1 Max. average on-state current @ 180 E ‘ 16, 
TIAV) conduction (A) @ Tc (°C) @ 70°C 
Max. peak one cycle, non-repetitive 
tsm surge current (A) 300 
+ = 
rt Ley for fusing for > 1.5 msec. 260 
Peak on-state voltage @ 25°C, 180° 
VT™m conduction, rated Ir(ay) (V) iso 
R Max, internal thermal resistance, dc, 1.0 
BIC junction-to-case (°C/W) 5 
ly Max. holding current @ 25°C (mA) 
t Typical turn-off time (usec) at rated = 
a Ty (max,) 
tg +t, Typical turn-on time (usec) ; 3 
. Max. rate-of-rise turned-on current 
difde (A/usec) oy 
Ty Junction operating tamperature range (°C) 2 —40 to 100 
BLOCKING 
Typicat critical rate-of-rise of off-state 
dv/dt voltage. Exponential @ max. rated 
Ty (V/usec) 
FIRING 
1 Max. required gate current to trigger (mA) ES 
GT @ -65°C 


@ —40°C 40 
@ 25°C 25 


Max. required gate voitage to trigger (V} 
Vet @ -65°C > 


@ -40°C 2.0 
@® 25°C 1.5 
Min. required gate voltage to trigger : 

Vet @ 100°C 0.2 
@ 125°C : : = 
@ 150°C Bs 


VOLTAGE TYPES 
Repetitive Peak Forward and Reverse Voltages 


25 =. €230/2U 
50 _ C€230/2F 
100 C230/2A 


200 C230/2B 


300 €230/2C 
400 €230/2D 
500 C230/2E 
600 » €230/2M 


700 = 
800 = 
900 _ 
1000 : = 
1100 = 
1200 | = 


241 (C232 
2,3,4,5 


= 
PACKAGE OUTLINE NO. 


“JAN & JANTX typas available, 


2N3870-3 
2N3896-9 


—65 to 125 


35 35 
3 22.3 

@ 35°C @ 40°C 
150 300 
75 260 
1.6 18 
1.7 } 1.5 
Too 100 
1.6 : 1.6 
80 150 

—40 to 125 


& 6 (C230) 


2 80 = 
80 = 80 
40 40 40 
7 3.0 - 
3.0 = 3.0 
2.0 3.0 3.0 
0.2 - - 
= 0.25 0.25 
= C35U = 
= C35F = 
2N3870 _ 
2N3896 C35A 


2N3871 
2N3897 


2N3872 
2N3898 


2N3873 
2N3899 


C35D : = 
C35E - 


C35M 2N5204 


oe 2N5205 


- 2N5206 


- 2N5207 
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PHASE CONTROL SCR’s 
63 TO 190 AMPERES 


GE TYPE 


C50, 52 


C150, 152 


C60, 62 


JEDEC 


2N1909-16 
2N1792-98 


2N2023-30 


ELECTRICAL SPECIFICATIONS 


[VOLTAGE RANGE 


FORWARD CONDUCTION 


ly (RMS) Max. RMS on-state current (A) 


Max. average on-state current @ 180° 
conduction {A) @ Tc 

Max. average on-state current for 3y 
conduction (A) @ Tc 


IT(AV) 


IW(Av) 


Max. peak one cycle, non-repetitive surge 


its current (A) 


Max. 12t for fusing for 5 to 8.3 msec 
(A2 sec) 


Peak on-state voltage @ 125°C, 180° 
conduction rated tt (Av) (V) 


Max. internal thermal resistance, de, 


Roc junction-to-case (°C/W) 


Typical turn-off time (sec) 


tr Typical turn-on time ({sec) 
difdt Rate-of-rise turned-on current (A/Lsec) 


Junction operating temperature range (°C) 
BLOCKING 


Min. critical rate-of-rise of off-stage 
dv/dt voltage, exponential @ max. rated Ty 
V/ sec) 


FIRING 


Max. required gate current to trigger (mA) 
IoT @ ~40°C 


@ 125°C 


Max. required gate voltage to trigger (V) 
Vet  @-40°c 


Vet Ca eke gate voltage to trigger {V) 


VOLTAGE TYPES 


Repetitive Peak Forward and Reverse Voltages 


25 


50 


PACKAGE TYPE 


PACKAGE OUTLINE NO. 


C147U 


C147F 


Cl47A 


C147G 


C147B 


C147H 


C147C 


C147D 


C147E 


C147M 


C147S 


C147N 
Ci47T 
C147P 
C147PA 


C147PB 


500-1300 


CONSULT 
FACTORY 


C150E 
CiS2E 
C150M 
C152M 
C1S0S 
C152S 


C150N 
C152N 


C1S0T 
C152T 


C150P 

C152P 

C150PA 
C152PA 
C150PB 
C152PB 
C150PC 
C152PC 


we" STUD 


109, 108 


125 
—40 to 125°C 


C350E 
C350M 
C350S 
C350N 
C350T 
C350P 
C350PA 
C350PB 
C350PC 


%" PRESS PAK 


280 
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GE TYPE 


[ VOLTAGE RANGE 


PHASE CONTROL SCR's 
235 TO 850 AMPERES 


ELECTRICAL SPECIFICATIONS 


FORWARD CONDUCTION 


1300-1800 


It(RMsS) Max. RMS On-State Current (A) 


' Max. average on-state current @ 180° 
T(AV) _ conduction (A) @ To 


1 Max. average on-state current for 35 
TIAV) conduction (A) @ To 
' Max. peak one cycle, non-repetitive surge 
TSM current (A) 

Max. 12t for fusing for 5 to 8.3 msec 

(A2 sec) 


Peak on-state voltage @ 125°C, 180° 
conduction, rated Ip, av) (V) 


Max. internal thermal resistance, dc, 
Junction-to-Case (°C/W) 


8000 


265,000 


Typical turn-off time (sec) 


Typical turn-on time (usec) 


Rate-of-rise turned-on current (A/ysec) 


Junction operating temperature range (°C) 


Min. critical rate-of-rise of off-state 
dv/dt voltage, exponential @ max. rated 
Ty (V/usec) 


Max. required gate current to trigger (mA 
@ —40°C 


Vet _ @ ~40°C 
Min. required gate voltage to trigger (V) 
T @ 125°C 


VOLTAGE TYPES 


Repetitive Peak Forward and Reverse Voltages 


ay 


100 


200 
300 
400 


600 


800 


900 


4 


8 


i 


C391PC 


C391PE 


= 
| 
| 


2000 


PACKAGE TYPE 


PACKAGE OUTLINE NO. 
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PRESS PAK 


1500-2000 


1.5 
100 
—40 to 125°C 


C502PE 
CS502PM 


PRESS PAK 


PHASE CONTROL SCR’s 
940 TO 1950 AMPERES 


GE TYPE c702_ | 
ELECTRICAL SPECIFICATIONS 


VOLTAGE RANGE ea 


FORWARD CONDUCTION 


'T(RMs) 
j Max. average on-state current @ 180° 
TIAV) conduction (A) @ T 


1 Max. average on-state current for % 
T{AV) eonduction (A) @ T 


1 Max, peak one cycle, non-repetitive 
TSM surge current (A) 


"t Max, (*t for fusing for 5 to 8.3 msec 
(A? sec) 

Peak on-state voltage @ 125°C, 180° 4 2 
conduction, rated Iy;ay) (V) : 1.5 : 1 0 


Max. internal thermal resistance, dc, : 
junction-to-case (°C/W) 041 | x .023 


Typical turn-off time (usec) 175 125 ; 125 

Typical turn-on time (usec) 1.5 4 1.5 - 

Rate-of-rise turned-on current (A/usec) 80-150 800 ; 125 

Junction operating temperature range (°C) -40 to 125°C 40 to 125°C: -40 to 125°C 
BLOCKING 


Min. critical rate-of-rise of off-state 
dv/dt voltage. Exponential @ rated T, 
(V/usec) 


FIRING 


\ Max. required gate current to trigger (mA) 
GT @ —40°C 


@ 125°C 


Max. required gate voltage to trigger (V) 

@ —40°C 

Min. required gate voltage to trigger (V) 
Vet @ 125°C 


VOLTAGE TYPES 


C601PT 


ae €702LB 


, = c702LC 
ae €702LD 


PACKAGE TYPE 
PACKAGE OUTLINE NO. 227% 
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CUILAITIIHHIHI 


VOLTAGE RATINGS -VOLTS 


INVERTER SCR’s SELECTOR GUIDE 


C397/C398 


€387/C388 


C48, CI58/CI59 


CI38/C139 


€447/C448 
c648 


CI55/Cl157 
a ee ae 


CI64/CI65 


c4s, CI54/CI56 


C149 aaa eee 


C234/C235 
€354/C355 


€364/C365 
C184/Ci85 
[| 
a/ 
€392/C393 
€394/C395 
C444/C445 


2N3649-58 


C140/Cl41 


eee Ne ee ee ee =) bom 
275 300 400 500 700 800 850 900 1000 _ 1150 1500 
RMS CURRENT-AMPERES 


SL 
| 
[ 


SCR’s in this use category are characterized for turn-off time (commutation speed) capability and other speed char- 
acteristics. When designing for speed, the parameter trade offs must be carefully weighed. Thus the large matrix 
of speed, current and voltage capability for inverter SCR’s. As the name implies, major applications for these devices 
are DC/AC inverters. Additionally, they are used in cycloconverters and other pulse applications requiring high 
speed capability. 
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INVERTER SCR’s 
25 TO 35 AMPERES 


GE TYPE C234, C235 c138!?) C139 C140 C141 C144 
JEDEC 2N3649-53 2N3654-58 
ELECTRICAL SPECIFICATIONS 
VOLTAGE RANGE 

FORWARD CONDUCTION 


Max. RMS on-state current @ Tco= 
'T(RMS) §5°C, 50% duty (A) 36 36 


1 KHz 
5 KHz 

10 KHz 18 20 30 
Max. peak one cycle, non-repetitive 


'Tsm surge current (A) 200 200 200 
12 tates for fusing @ < 1.5 msec. 165 165 165 
Max. internal thermal resistance, dc, 
Rouc junction-to-case (°C/W) 1.0 1.7 1.0 
ty +t, Typical turn-on time (usec) 3.1 3.1 3.1 
t Max. turn-off time @ rated voltage and _ a _ 
q Ty (usec) @ 20V/usec reapplied 
@ 200V/usec reapplied 10 15 15 
A Critical rate-of-rise of on-state current 
alist (A/usec) 100 400 100 
Ty Junction operating temperature range (°C) —65 to 125 —65 to 125 —65 to 125 
BLOCKING 
alle critical rate-o fics of s vo 
voltage exponential to rate 2 2 200 
euigt @ Max. rated T, (V/usec) noe me a 
FIRING 
lag apart aa gate current to trigger (mA) = 500 500 : 450 
@ -—40°C a a = 
@ 25°C 180 180 150 
Vet piss te voltage to trigger (V) 45 45 40 
@ —40°C = ae —— = 
@ 25°C 3.0 3.0 2.5 
Min. required voltage to trigger (V) 
Yct —_@ 100°C az ~ - 
@ 125°C 0.25 0.25 .03 


VOLTAGE TYPES 
Repetitive Peak Forward and Reverse Voltages 


C140F 
50 2N3649 


C140A 
100 2N3650 
C140B 
a 2N3651 
C140C 
ia 2N3652 
C140D 
Ba 2N3653 
ae C1a8E10 CI44E15 
C138E20 C144E30 
a C138M10 Ci44Mi5 
€138M20 €144M30 
a C138S10 0144815 
C138S20 C144S30 
eae CI3ENT Cid4NT5 
C138N20 C144N30 
PACKAGE OUTLINE NO. 107 107 107 


() Vrrw= 50V 
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INVERTER SCR’s 
63 TO 270 AMPERES 


GE TYPE C48/C148 C49/C149 C154, 156 C155, 157 C158, 159 C164, 165 C354, 355 C358 
CONSTRUCTION ALL ALL AMPLIFYING AMPLIFYING AMPLIFYING AMPLIFYING AMPLIFYING AMPLIFYING 
DIFFUSED DIFFUSED GATE GATE GATE GATE GATE GATE 


ELECTRICAL SPECIFICATIONS 
VOLTAGE RANGE 
FORWARD CONDUCTION 


Max. forward conduction sinusoidal 
ITIRMS) @ To = 65°C, 50% duty (A) 


@ G6OHz 110/63 110 110 225 
@ 600 Hz 110/63 110 110 225 
@ 1200 Hz 110/63 110 110 225 
@ 2500 Hz 110/63 110 110 175 
@ 5000 Hz 110/63 110 110 140 


Max. peak one cycle, non-repetitive : 
"sm surge current (A) 1000 1800 1800 1600 
Max. 12t for fusing for 5 to 8.3 msec 
12t (A2 sec) 4150 13,200 13,500 : 10,500 
Rguc Max. thermal Impedance (°C) | 35 3 | a : 135 
tat tr Typical turn-on time (sec) 2 2 E 2.0 5 
Turn-off time @ rated voltage and 3 3 
tg Ts VR = 50V min. (psec) 3 10,15 20 a <10, 15 30 
@ 20V/psec reapplied Pe 
@ 100V/{Usec reapplied 25 <10,15 | 35 
@ 200V/ sec reapplied 20, 25 10, 20 40 
i Critical rate-of-rise of on-state 4 j : 
di/dt current (A/,isec) 100 100 500 500 
Ts Junction operating temperature range (°C) 
BLOCKING 


Critical rate-of-rise off-state 
dv/dt voltage exponential to rated VDRM 
@ Max. T (V/ psec) 


FIRING 


Max. required gate current to trigger {mA) 
Ie @ —40°C 


@ 125°C 


Vor ee voltage to trigger {V) 


@ 125°C (Min.) 
VOLTAGE TYPES 
Repetitive Peak Forward and Reverse Voltages 


C149A 
C49G 
C149G 
C49B 
C1498 
C49c 
C149C 
c49D 
Ci49D 
C49E 
C149E 
C49M 
C149M 


0 I 
= re i] 
PACKAGE TYPE B41" STUD %" STUD pce dass 


[PACKAGE OUTLINE NO. 109/108.1 
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INVERTER SCR’s 
275 TO 400 AMPERES 


| GE TYPE C184/C185 C186 C364 C365 C384/C385 C386 | 


AMPLIFYING AMPLIFYING AMPLIFYING AMPLIFYING AMPLIFYING AMPLIFYING 
CONSTRUCTION GATE GATE GATE GATE GATE GATE 


ELECTRICAL SPECIFICATIONS 


VOLTAGE RANGE 700-1200 100-800 700-1200 
FORWARD CONDUCTION 
irinws) @ioS eke aa 
@ 60Hz 275 400 
@ 600 Hz 275 300 
@ 1200 Hz 235 270 300 
@ 2500 Hz 200 
@ 5000 Hz 140 
It5m ex Lae one cycle, non-repetitive surge 3500 1 800 3500 
12t ey for fusing for 5 to 8.3 msec 50,000 13,500 50,000 
Réuc Max. thermal impedance (°C/W) 16 135 .095 
ta+tr Typical turn-on time (sec) 2 2 2 
If Turn-off time @ rated voltage and 
ta Ty VR = 50 volts min. (usec) 30 
@ 20V/jUsec reapplied 
@ 100V/ LUsec reapplied bee ae 35 | 
@ 200V/jisec reapplied oS 40 20 30 
di/dt Qiao of on-state current : 500 800 500 
Ty Junction operating temperature range (°C) —40 to 125°C ~40 to 125°C —40 to 125°C 
BLOCKING 
Min. critical rate-of-rise of f-state ' 
dv/dt voltage exponential to rated Vo RM q 200 500 200 
@ Max. Ty (V/{Usec) - oo : 
FIRING 


lot Max. required gate current to trigger (mA) 
@ —40°C 


@ 125°C 


Vot ye. zed voltage to trigger (V) 


@ 125°C = (Min.) 

VOLTAGE TYPES 

Repetitive Peak Forward and Reverse Voltages 
100 
150 
200 
300 
400 


Fre 500 
ee 

600 
f= = 
ee 


C365S 
C365N 


C386S 
C386N 


700 
800 


C186S 
C186N 


900 C186T C386T 

1000 C186P C386P 
i 1700 C186PA C386PA 

1200 C186PB C386PB 


1300 


%" PRESS PAK = 
280 


%" STUD 
110.1 


6 _%" PRESS PAK 


—— 
PACKAGE TYPE 
280 


PACKAGE OUTLINE NO. 
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INVERTER SCR’s 
500 TO 700 AMPERES 


GE TYPE C387 c388 C397 


C398 C392 C393 


AMPLIFYING AMPLIFYING AMPLIFYING AMPLIFYING AMPLIFYING AMPLIFYING 


CONSTRUCTION GATE GATE GATE 


ELECTRICAL SPECIFICATIONS 


| VOLTAGE RANGE 


FORWARD CONDUCTION 


Max. forward conduction sinusoidal 
'T(RMS) @ Te = 65°C, 50% duty (A) 


@ 60Hz 
@ 600 Hz 
@ 1200 Hz 
@ 2500 Hz 
@ 5000 Hz 
~~ Max. peak one cycle, non-repetitive surge 
current (A) 


Max. 12t for fusing for 5 to 8.3 msec 
(A2 sec) 


ROc Max. thermal impedance (°C/W) 
tattr Typical turn-on time (sec) 


Turn-off time @ rated voltage and 
Ty VR = 50 V min. (psec) 
@ 20V/ [sec reapplied 


@ 100V/jUsec reapplied 
@ 200V/ sec reapplied 


; Critical rate-of-rise of on-state 
di/dt current (A/{Usec) 


Ty Junction operating temperature range (°C) 


BLOCKING 


Min. critical rate-of-rise off-state 
dv/dt voltage exponential to rated Vo RM 
@ Max. Ty (V/ sec) 


ITSM 


12 


FIRING 


Max. required gate current to trigger (mA) 
@ —40°C 


@ 125°C 
Max. required voltage to trigger (V) 
@ —40°C 
@125°C = (Min.) 
VOLTAGE TYPES 


Repetitive Peak Forward and Reverse Voltages 


C388PB 


PACKAGE TYPE 1” PRESS PAK 


PACKAGE OUTLINE NO. 
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GATE GATE GATE 


500-1200 


on 
ae 


2 
—40 to +125°C 


C398PA 
C398PB 


1° PRESSPA 1°” PRESS PAK 


INVERTER SCR's 
700 TO 1000 AMPERES 


GE TYPE C394 C395 C444/C445 C447/C448 ca49 


AMPLIFYING AMPLIFYING AMPLIFYING AMPLIFYING AMPLIFYING 
CONSTRUCTION GATE GATE GATE GATE GATE 


ELECTRICAL SPECIFICATIONS 
VOLTAGE RANGE 
FORWARD CONDUCTION 


100-600 500-1200 


Max. forward conduction sinusoidal 
(RMS) @ To = 65°C, 50% duty (A) 


@ 60 Hz  F0¢ ; . a 
@ 600 Hz ee : x ; : Sad 
@ 1200 Hz Es - : — 300 
@ 2500 Hz OF ae : ane 
@ 5000 Hz — 7 a = , aa 
Max. peak one cycle, non-repetitive ae cS : 10,000 


Tsu surge current (A) 

2 Max. 12t for fusing for 5 to 8.3 msec 

rt (A2 sec) es 415,000 
R@jc Max. thermal impedance (°C/W) 06 ; : 04 


ta+t, Typical turn-on time (sec) 


Turn-off time @ rated voltage and 
tg Ty Vr = 50V min. ( {sec) 
@ 20V/ usec reapplied 


@ 200V / Lsec reapplied 
@ 400V / Usec reapplied 


‘ Critical rate-of-rise of on-state 
di/dt current (A/[Usec) 
Ty Junction operating temperature range (°C) —40 to 125°C —40 to 125°C 
BLOCKING 
Min. critical rate-of-rise off-state 


dv/dt voltage exponential to rated Vo Rm 
@ Max. Ty (V/jisec) 


FIRING 


1 Max. required gate current to trigger (mA) 
GT —40°C 


@ 125°C 


v Max. required voltage to trigger (V) 
GT @ —40°C 


@ 125°C (Min.) 
VOLTAGE TYPES 
Repetitive Peak Forward and Reverse Voltages 
100 
200 
300 
400 
500 
600 
700 
800 


C447/C448E 
C447/C448M 
C447/C448S 


C447/C448PB 


1" PRESSPAK | “PRESS PAK 


PACKAGE TYPE 
PACKAGE OUTLINE NO. 
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INVERTER SCR’s 


700 TO 1500 AMPERES 


GE TYPE C648 C612 C613 712 
AMPLIFYING AMPLIFYING AMPLIFYING AMPLIFYING 
CONSTRUCTION GATE GATE GATE GATE 


ELECTRICAL SPECIFICATIONS 
VOLTAGE RANGE 
FORWARD CONDUCTION 


1 Max. forward conduction sinusoidal 
T(RMS) @ Tc = 65°C, 50% duty (A) 


@ 60 Hz 
@ 600 Hz 
@ 1200 Hz 
@ 2500 Hz 


1500-2000 


@ 5000 Hz 


1 Max. peak one cycle, non-repetitive 
TSM surge current (A) 


Max. tt for fusing for 5 to 8.3 msec 
{A? sec) 


Rejc «Max. thermal impedance (°C/W) 


tg +t, Typical turn-on time (usec) 


Turn-off time @ rated voltage and T, 
tg Vr = 50V min. (usec) 
@ 20V/usec 


@ 200V/zsec reapplied 


@ 400V/yusec reapplied 


di/dt Critical rate-of-rise of on-state current 
(A/usec) 


—40 to 125°C 


200 


Ty Junction operating temperature range (°C) | 
BLOCKING 

Min. critical rate-of-rise of off-state 
dv/dt voltage exponential to rated VoRm 

@ Max. Ty (V/usec) 
FIRING 
I Max. required gate current to trigger (mA) = = 
ST @ —40°C 


@ 125°C 


Vv Max. required voltage to trigger (V) 
GT @ -40°C 


@ 125°C 


VOLTAGE TYPES 


Repetitive Peak Forward and Reverse Voltages 


100 


200 


300 


400 


600 


C712PE 
C712PM 


= 


C612PS C712PS 
C612PN C712PN 
C712PT 


| 2000 


C712L 


PACKAGE TYPE 


PACKAGE OUTLINE NO. 
ue 


1” PRESS PAK 
276.1 
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G9/G10/3N221/3N222 


HEAT EXCHANGER MODULES 
for 
HIGH CURRENT RECTIFIERS & SCRs 


G6/G14/G15 


G11 


CELL DATA 180° CONDUCTION, LIQUID COOLED AT 40°C (1 GPM) 


CELL NO. MAX. VOLTS SINGLE AVG. CURRENT PER CELL | RMS CURRENT FOR SWITCH 


PER CELL 


SURGE AMPS G6/G 14/G15 G9/G10/3N221/3N222 


7,000 
10,000 
12,000 
18,000 

1,600 

3,500 

8,000 

8,000 

7,500 
11,000 
10,000 

8,000 

8,000 
10,000 
18,000 
15,000 
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TRIAC SELECTOR GUIDE 
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TRIAC TRIGGERS 


The ST2 (diac) is a silicon bi-directional diode which may be used for triggering triacs or SCR’s. It has a three fayer 
structure with negative resistance switching characteristics in both directions. 

The ST4 is an asymmetrical AC trigger integrated circuit for use in triac phase contro] applications. This device 
reduces the snap-on effects that are present in conventional trigger circuits by eliminating control circuit hystersis. This 
performance is possible with a single RC time constant where as a symmetrical circuit of comparable performance would 
require at least three more passive components. 


Vs2 Vsi 
Switching Voltage Switching Voltage 


: = Package 
Min. Max. Min. Max. in. Outline 


0) ) (Vy) (v) 1) No. 


28! 36! 
14 18 


! For ST2, Vsz2 = Vsit10% 
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POWER TABTM 


ISOLATED POWER PACTM 


TRIACS — ENCAPSULATED PACKAGE 
POWER GLAST PASSIVATED PELLETS 290.1 


GE TYPE 


$c140 


$C142 


$0147 


NON-ISOLATED POWER PACTM 


ELECTRICAL SPECIFICATIONS 


VOLTAGE CHARACTERISTICS 


Vorm Repetiti ry Peak Off-State Voltage @ 
To = -40°C to +100°C 
100 V 
200V 
400 V 


$C140B 


$C142B 


$C147B 


$C140D 


$C142D 


$C147D 


500V 
600 V 


SC140E 


$C142E 


SC147E 


$C140M 


$C142M 


SC147M 


v. Max. On-State Voitage at Peak of 
TM RMS Current Rating (V) 


1.85 


1.75 


1.50 


CURRENT CHARACTERISTICS 


ly(ams) Max. RMS On-State Current (A) 


tT, Max. Case Temperature at Rated 
C(MAX) RMS Current ("C) 


Irsm Max. Peak One Cycle Non-Repetitive 
Surge Current (A) 
@ 50 Hz 
@ 60Hz 
loRm Max. Leakage Current at Tc = 25°C (mA) 
Vn Max. DC Holding Current (mAdc) 
@ +25°C 
@ -40°C 
Ih Max. DC Latching Current {mAdc) 
@T, = +25°C MT2+ Gate+ 
MT2— Gate — 
MT2+ Gate — 
@Tc= -40°C MT2+ Gate + 
MT2 — Gate — 
MT2+ Gate — 


BLOCKING 


Typical Static dv/dt at Rated Von, 
aids Gate Open Circuited (V/usec) 

@ Tc = 100°C 
@ To = 110°C 
ee 

Min. Commutating dv/dt at Rated Vonm 
dv/dt.) and di/dt = (0.54) I7( anys) A/msac. 

Gate Open Circuited, FW)irtec). 
TRIGGERING 


jl Max. Required DC Gate Current (mAdc) 
ST to Trigger, @ Vp = 12Vde 


@ To = +28°C MT2+ Gate+ 
MT2— Gate — 
MT2+ Gate— 
@Tco= -40°C MT2+ Gate + 
MT2— Gate — 
MT2+ Gate — 


Max. Required DC Gate Voltage to 
Trigger, MT2+ Gate+, MT2— Gate—, 
MT2+ Gate—. @ Vp = 12 Vde, (V). 


@ To = +25°C 
@To= -40°C 


6.5 


88/8 sisis 


8/8/88) 8s 


8/ 8/8} 8) 8\s 


MECHANICAL SPECIFICATIONS 


PACKAGE OUTLINE NOQ. 


Non-Isolated Tab 
tsolated Tab 
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TRIACS 
HERMETIC 
PACKAGES 


POWER GLAS™ 
PASSIVATED PELLETS 


STUD/TO-3 FLANGE 
PRESS-FIT 
ELECTRICAL SPECIFICATIONS 


VOLTAGE CHARACTERISTICS 


Vv Repetitive Peak Off-State Voltage @ 
DRM To -40°C to +100°C 


GE TYPE 


200 V SC245/6B $C260/1B 
400 V $C245/6D $C260/1D 
500 V SC245/6E S$C260/1E 
600 V SC245/6M S$C260/1M 


Max. On-State Voltage at Peak of 


Vim RMS Current Rating (V) 1.65 1.58 
CURRENT CHARACTERISTICS 
It(RMs) Max. RMS On-State Current (A) : 10 : 25 


Max. Case Temperature at Rated RMS 
Current (°C) for 
Non-Isolated Stud/Press-Fit 


Isolated Stud/Non-Isolated TO-3 Flange 
Isolated TO-3 Flange 


Te(MAx) 


eee, Max. Peak One Cycle Non- Repetitive Surge 
Current (A) @ 50 Hz 


@ 60 Hz 


lonm _ Max. Leakage Current at Tc = 25°C (mA) 
ly Max. DC Holding Current (mAdc} 
@ To = +25°C 
| @Tc= -40°C 
IL Max. DC Latching Current {mAdc) 
@Tco=+25C MT2+ Gatet 


MT2— Gate — 
MT2+ Gate — 
MT2+ Gate + 
MT2— Gate — 
MT2+ Gate — 


@TcH 


BLOCKING 


dv/dt Typical Static dv/dt at Rated Vorm 
Gate Open Circuited (V/ysec} 


Min. Commutating dv/dt at Rated VpoRgm © 
dv/dt,,) and di/dt = (0.54) It(Rims) A/usec, 
Gate Open Circuited (Vyusec) 


TRIGGERING 
Max. Required DC Gate Current 
lot to Trigger, MT2+ Gate+, MT2— Gate—, 
MT2+ Gate—, @ Vp = 12 Vde (mAdc) 


@ Tc = +25°C 
@Te= -40°C 


Max. Required DC Gate Voltage to 
Vet Trigger, MT2+ Gate +, MT2— Gate —, 
MT2+ Gate—,@ Vp = 12 Vdc 


@ To = +25°C 
@Tc= -40°C 
MECHANICAL SPECIFICATIONS 


2.5 
3.5 


2.5 
3.5 


241 ($C241) 
242,3,4,5 
& 6 (SC240) 


251(SC261) 
252, 3, 4, 5, 
a 6 (SC260) 


PACKAGE OUTLINE NUMBER 
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From General Electric 
New Transient Protection Manual 


New 112 page manual combines in one 
publication theory, knowledge and experience 
relating to transient cause, detection and 
protection accumulated by General Electric 
scientists and engineers...includes a 
comprehensive selection guide and product 
specification sheets for determining the 
optimum GE-MOV™ Varistor. 
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Copies are available from any authorized GE 
distributor, GE OEM Electronic Components 
Sales Office, or by sending $2.50 plus 
applicable tax to General Electric, 
Semiconductor Products Department, 
Electronics Park, Bldg. 7-49, Syracuse, New 
York 13201. 


GE-MOV™ VARISTORS 


General Electric zinc oxide varistors are voltage dependent, 
symmetrical resistors which perform in a manner similar 
to back-to-back zener diodes in circuit protective functions 
and offer advantages in performance and economics. When 
exposed to high energy voltage transients, the varistor im- 
pedance changes from a very high standby value to a very 
low conducting value thus clamping the transient voltage 
to a safe level. The dangerous energy of the incoming high 
voltage pulse is absorbed by the GE-MOV® varistor, thus 
protecting voltage sensititive circuit components. 


I-V Oscillograph 
(Actual Photo) 


SELECTOR GUIDE 


1. Determine maximum (steady-state) voltage appearing across the varistor when no transients are present. Include 
any high line conditions that may occur. For example: 117VRMS-10% high line = 129VRMS. Locate voltage on 
horizontal scale. Drop down to appropriate GE-MOV™ varistor series (i.e., MA, L and PA series). 


2. Locate level of energy transient on the left-most vertical! scale. Match with series determined in Step No. 1. 
Example: 129VRMS, 20 Joules (L and PA series). For unknown energy level, estimate by type of application. 
Less than 20 Amps. max. transient current, stored energy is low (e.g., relay contact protection). Or if varistor 
is placed after a transient-absorbing component (i.e., transformer, inductor, capacitor), then the MA series 
(.1-.7 Joules} is a good choice. For higher peak pulse current requirements, check the ZA, L, or PA series, 
depending on voltage. 


3. After energy and applied voltage ievel considerations, average power dissipation needs must be considered. For 
infrequent transients (once/hour, once/day), any series is adequate. For frequent transients, or where rigid 
mounting is required, use the PA series. For specific selection, refer to individual spec sheets and application 
notes. 


AVERAGE MAXIMUM STEADY-STATE APPLIED VOLTAGE 


POWER Moree — AC Be. 
130 275 290 420 480 550 1000 


voLts 
60 we 100 120 140 160 180 206 


MA SERIES 
PEAK ——-_—— 
18-264 VRMS PULSE 


23-365 VDC CURRENT 10-20A 


ZA SERIES : 1000-2000A 
10-115 VRMS A 


14-.153 VDC 


MAX. 


L SERIES 
95-1000 VRMS 
120- 675 VDC 


PA SERIES 
130-575 VRMS 
170-750 VDC 


-| CURRENT 4000A 
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THE CASE FOR GE-MOV™ VARISTORS 


VOLTS 0O 


18 32 
MICROSECONDS 


Actual photograph of oscilloscope recording of a household power line input (24 hours) 


Voltage transient problems can be caused by: 


Lightning 


SIGNAL 


Contact switching Electromagnetic coupling (noise) 


GE-MOV™ VARISTOR CLAMP DANGEROUS VOLTAGE TRANSIENTS AND 
DISSIPATE THEM AS HARMLESS HEAT ENERGY. 
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APPLICATIONS 


Solid State Motor Control 
Solid State Relays/Timers 
AC Line Cord Protection 
Control Arc Suppression 
Traffic Controllers 
Communication Equipment 
Automobiles 
Calculators 
Smoke Detectors 
Instrumentation 


Pa jou LES 


ZA SERIES 


REPLACEMENT FOR the following when used as transient 
suppressor: 

e Selenium Tryectors 

Zener Diodes 

Silicon Carbide 

Gas Discharge Tubes 

R-C Networks (non-dv/dt) 
Neon Bulbs 

Electronic Crowbar Circuits 


y as - 


JOULES 


Replaces Many Zeners @ Voltages 12-115 VRMS, 16-153 VDC e Energy Absorption to 15 Joules * Peak Pulse 
Current to 1000A ¢ Characterized @ 1mA DC © For Complete Specifications, see Page No. 1438. 


APPLIED VOLTAGE MAXIMUM NON-REPETITIVE 


MAXIMUM MAXIMUM MAXIMUM 
MAXIMUM 
AVERAGE VARISTOR 


MODEL 
NUMBER 


AC-RMS 


ENERGY PEAK PULSE SOWER VOLTAGE 
ACPEAK| 0 JOULES CURRENT DissiPATION AT.1 AMP/ 
50-60Hz tp <6 ys PEAK 


V18ZA1 
VI8ZA3 


V22ZA1 
V22ZA3 


V24ZA1 
V24ZA4 


V27ZA1 
V27ZA4 


V33ZA1 
V33ZA5 


V39ZA1 
V39ZA6 


V47ZA1 
V472ZA7 


V56ZA2 
V56ZA8 


V68ZA2 
V68ZA10 


VB82ZA2 
V82ZA12 


V100ZA3 
V100ZA15 


v1202A1 
V120ZA6 


V150ZA1 
V150ZA8 


V180ZA1 
V180ZA10 


VOLTS 


VOLTS | VOLTS (WATT-SECS) AMPS WATTS VOLTS 


Os mm 0.18 
300 1000 0.40 


0.6 ‘ 0.17 
3.0 : 0.40 


08 26 0.18 
4.0 7000 0.40 


08 2 wal 0.18 
4.0 na 0.40 


0.19 
0.40 


0.20 
0.45 


0.21 
0.45 


0.22 
0.45 


0.24 
0.50 


0.25 
0.50 


0.26 
0.55 


0.20 
0.45 


0.20 
0.45 


0.20 
0.45 
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PA SERIES 


Rigid Mounting © Up to 15W Dissipation * Voltage Range 130-575 VRMS, 
170-750 VDC ¢ Peak Pulse Current to 4000A © Meets NEMA Creep and 
Strike Distance e For Complete Specifications, see Page No. 1432. 


MAXIMUM MAXIMUM 

MAXIMUM MAXIMUM 

| K 
APPLIED VOLTAGE MAXIMUM NON-REPETITIVE AVERAGE VARISTOR 
MODEL ENERGY PEAK PULSE VOLTAGE 
AC-PEAK JOULES CURRENT owen AT 10 AMP. 
NUMBER ‘i E D 
AC-RMS 50-60Hz [os 1p <6 US DISSIPATION : PEAK 


VOLTS VOLTS VOLTS —{WATT-SEC) AMPS, WATTS 
V130PA10A Se Aids a lee 8 
V130PA20A | . aes a8 Be Se 15 
v130PA208 #0 ae ; : 15 
V130PA20C | : ee / 15 


VI50PA10A | : L 8 
V150PA20A ° : Le he ae 18 
V1SOPA20B | S : : 15 
V150PA20C : i : 15 


V250PA10A | 
V250PAa20A 
V250P A400 
V250PA40B 


ie 
V275PA104 
V275PA20A 
V275PA40A 


IV 320PA40A 
IV 320PA40B 
IV 320PA40C 


V420PA20A 
V420PA40A 
vaz0Pago8 |e 
Vvaz0padoc || 


VAGOPA204 J: 
VAGOPAGOA | 
V460PA40B 
V460PA40C | 


V480PA20A | 
IV 480PA40A 
vasoragoa | 
'V480PA80B = 
V4B0PA80C | 

E 
V510PA20A | 
VS TOPA4OA | 
V510PA804 
VS10PA80B 
v5 10PA80C 


2 
VSSOPA20A || 
VSSOPA40A 
V550PA80A 
'VSSOPASOB | 
IVSSOPABOC © 


W575PA2084 | 
WS575PA40A 
VS75PA80A | 
VS75PA80B | 
IVS75PA80C 


O0ONW OCOOMW 


Low Cost e Designed for Automatic Insertion e¢ Molded Axial Package © Voltages 18-264 VRMS, 26-365 VDC 


e Energy Absorption to 700 milli Joules « Peak Pulse Current to 20A e For Complete Specifications 
see Page No. 1426. 


MAXIMUM MAXIMUM MAximum MAXIMUM 


polices GE MAXIMUM —NON-REPETITIVE 
5 wOUre ENERGY PEAK PULSE pile 


JOULES CURRENT 
we <6 US DISSIPATION 


V220MA2A 
V220MA48 


V270MA2A 
V270MA4B 


V330MAZA 
V390MA3A 
V390MA6B 


V430MA3A 
V430MA7B 
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L SERIES 


Protection Up to 120, 240, 277, 480 VRMS, 130-625 VDC 
© AOOOA Peak Pulse Current Capability e¢ Energy Absorption to 160 Joules 
e For Complete Specifications, see Page No. 1478. 


MAXIMUM MAXIMUM 


MAXIMUM TiTive MAXIMUM 
MabEL APPLIED VOLTAGE MAXIMUM —-NON-REPETITIV ex ae VARISTOR 
NUMBER ENERGY PEAK PULSE ea VOLTAGE 
Les CURRENT MP 
oc a pissipation 47,1 AMP! 


te <6uS PEAK 


VOLTS 


WATTS 


V9SLA7A 
V95LA7B 


2 
ees: 
putes 


V130LA1 
V130LA2 

V130LA10A 
V130LA20A 
V130LA20B 


VISOLA1 
V1SOLA2 

V150LA10A 
V150LA20A 
V150LA208 


V250LA2 
V2S0LA4 

V250LA15A 
V250LA20A 
V250LA40A4 
V250LA40B 


V275LA2 
V275LA4 

V275LA15A 
V275LA20A 
V275LA40A 
V275LA40B 


V300LA2 
V300LA4 


V320LA15A 
V320LA20A 
V320LA40A 
V320LA40B 


V420LB20A 
V420LB40A 
V420LB40B 


V460LB20A 
V460LB40A 
V460LB40B 


V480LB20A 
V480LB40A 
V480LB80A 
V480LB808 


V510LB20A 
VS1IOLB40A 
V510LB80A 
V510LB80B 


VSS5OLB20A 
VS5S50LB40A 
VS50LB80A 
VS5S50LB80B 


V575LB20A 
V575LB40A 
V575LB80A 
V575LB808 


V1000LB80A 
V1000LB160A 
V1000LB160B 
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POWER MODULES 


New General Electric power modules are miniaturized, 
self-contained, Epoxy encapsulated modules capable 
of performing basic AC to DC conversion functions. 
Typical applications include — DC power supplies, DC 
motor controls, battery chargers, magnetic clutches 
and brakes. 

All General Electric power modules incor porate Power 
Glas™’ passivated semiconductors with the latest 
pellet. mountdown and interconnect tech niques, 
thereby assuring the utmost in reliability. 


Isolation Breakdown 

Surge, Peak One Cycle 

Fusing, I7t @ 8.3 msec 

Gate Current to Trigger (Max.)..... 

Gate Voitage to Trigger (Max.) 

On-State Current Rate of Rise (di/dt)...........100 A/uSEC 
Off-State Voltage Rate of Rise (dv/dt).......... 20 V/uSEC 
Operating Temperature -40 to 125°C 


GE TYPES 


WITHOUT WITHOUT WITHOUT 


BASIC CIRCUIT Io AVERAGE 
SCHEMATIC @ 85 (A) VARISTOR | OR VARISTOR 


WV2BC25C W2BC25C 

WV2BC25E | we W2BC25E 
| wv2BkK25c | ¥ ‘| W2BK25C 
eg 

WV2BK25E W2BK25E 
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GE TYPES 
WITHOUT 
BASIC CIRCUIT GE-MOV® 
VARISTOR 


Ex 


BASIC CIRCUIT 
SCHEMATIC 


W2CA25E 
W2AA50C 
W2AA50E 


BASIC BUILDING BLOCK MODULES 


For further information on these and other 
custom circuit types, contact: 

GE Semiconductor 

Electronics Park, 7-49 

Syracuse, New York 13201 

Phone: (315) 456-2633 


SUBSCRETE™ DEVICES 


DESCRIPTION: 


The new family of Subscrete™ Devices from General Electric is a series of chip-like devices 
designed specifically for hybrid circuits or similar circuit manufacturing techniques. Available in three 
basic configurations, Subscrete™ Triacs, SCR’s and Rectifiers utilize Power Glas 7™ passivated 
pellets providing the ultimate in device performance and reliability. The intimate, void-free bond 
between the silicon chip and the stress- matched, glass coating provides stable, low level leakage 
current and long-term reliability. When properly mounted and heat sinked, these fully tested Sub- 
screte™’ Devices can provide equivalent performance and reliability of comparable discrete devices 
at substantial cost savings to the user. 


PACKAGE CONFIGURATIONS: 


e STEP LEAD CONFIGURATION 
— Completely ready to reflow solder with copper step lead attached 
to the chip top contact and a soft soldered stress-relief plate at- 
tached to the chip bottom contact. 
— Current and thermal spreading accomplished by attached step lead 
and stress-relief plate. 


— No additional connections to chip required by user. 
All contact areas are solder-clad and in a common seating plane. 


(SOLATED CONFIGURATION 


~ Soft soldered, stress-relief plate between chip and metallized pad 
on substrate. 
Bottom of substrate metallized and solder coated allowing reflow 
attachment to heat dissipator. 
Current and thermal spreading accomplished by attached step lead 
and stress-relief plate. 
External leads available for electrical connectors. 


No additional connections to substrate required by user. 


e SANDWICH CONFIGURATION 


— Soft-soldered, stress-relief plates attached to both top contact and 
bottom contact areas, providing for current and thermal spreading. 


— Top and bottom contact plates can provide for customized mount- 
ing by user without coming in contact with the chip metallization. 
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SUBSCRETE™ DEVICES 
POWER SERIES 


° Triacs ¢ SCR’s ° Rectifiers 


PACKAGE CONFIGURATION 
0 = Step Lead = 100 D 
1 = Isolated Step Lead 200 E 


2 = Sandwich = 300 M 


EXAMPLE: 6 amp, 400 volt, Step Lead, Itsm 
Subscrete™™ Triac is 1 MPA1060D. PEAK ONE 


FULL CYCLE IpRu 
SURGE PEAK 


VOLTAGE GRADE 
= 400 
= 500 
= 600 


dv/dt 
Vim (STATIC) 
PEAK CRITICAL 


(NON-REP) OFF-STATE ON-STATE RATE-OF-RIS| 
ON-STATE CURRENT VOLTAGE OF OFF-STAT 


CURRENT mA 


\ 
GE TYPE @ 60 Hz 
AMPERES 
CURRENT: RATINGS (RMS) | (MAXIMUM) | (MAXIMUM) | (MAXIMUM) 


| 
MPA106 | 
| 


l 
MPA125 | 
| 


| 
MPA140 | 
| 


FULL CYCLE | 'oRM/!aRM (STATIC) 
SURGE PEAK 
(NON-REP) | OFF-STATE | ON-STATE | RATE-OF-RIS 
ON-STATE |OR REVERSE |] VOLTAGE | OF OFF-STAT 
CURRENT CURRENT VOLTS VOLTAGE 


@ 60 Hz mA 


CURRENT RATINGS (RMS) AMPERES 


(MAXIMUM) | (MAXIMUM) | (MAXIMUM) (TYPICAL) 


lsum PEAK ONE CYCLE 


SURGE (NON-REP) 
FORWARD CURRENT 
@ 60 Hz AMPERES 
(MAXIMUM) 
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VOLTS VOLTAGE 
Ty = 100°C 
VOLTS/ SEC 


25 


50 


25 


dv/dt 
PEAK CRITICAL 


Ty = 100°C 
VOLTS/u SEC 


50 


Vem MAXIMU 
PEAK FORWAR 


dv/dt j 


OMMUTATING) GT tL R@ic 
RITICAL RATE-| OC GATE Vet , LATCHING MAXIMUM Ty 
--RISE OF OFF-| TRIGGER DC GATE H CURRENT APPARENT | JUNCTION 
‘ATEVOLTAGE|, CURRENT | TrigceR HOLDING | mT2+ GATE+ THERMAL 
|= 100°C, 60Hz |MT2* GATE | VOLTAGE a MT2— GATE— | IMPEDANCE 
» RATED RMS |n794 GATE— Vde oo MT2+ GATE— | ,_ @ 60 Hz 
CURRENT re mAdc C/WATT (MAX.) 
VOLTS/U SEC meade 
(MINIMUM) | (MAXIMUM) | (MAXIMUM) | (MAXIMUM) | (MAXIMUM) 


OS 
kt 


ROJc 

tg CIRCUIT lot Vet ta I STEADY- “ 
* J 
-OMMUTATED DC GATE DC GATE HOLDING LATCHING STATE JUNCTION 
URN-OFF TIME TRIGGER TRIGGER CURRENT CURRENT THERMAL 

T, = 100°C CURRENT VOLTAGE He A RESISTANCE |OPERATING 

MSEC mAdc Vde mace c °C/WATT TEMP. 
(MAXIMUM) nee 
NON- 

(TYPICAL) (MAXIMUM) (MAXIMUM) _}| MAXIMUM) (MAXIMUM) ISOL. ISOL. 

ee es kes ; 

8. 8 : a 

oo 25 Po 30 : 1.8 4.0 

7 no 
25 | 50 ee fo) 17 2.5 
40 . Le 75 2 : a 1.7 2.5 
if : S : : 
NOTES: 

Orc STEADY-STATE T; JUNCTION 1. All characteristics given for Ty = 25°C unless otherwise stated. 
fERMAL RESISTANCE] OPERATING 2. R@jJc Definition: 
C/WATT (MAXiMUM) TEMP. ® For Non-lsolated Configurations: Thermal resistance from junction to geometric center of 


iON-ISOL. RANGE °C bottom plate. 


® For Isolated Configurations: Thermal resistance from junction tobottom of substrate under 
geometric center of chip. 


3. Most maximum allowable ratings depend almost entirely on the quality and thermal 
characteristics of the bond when mounting the Subscrete™M Device. For this reason, 


normal ratings such as average current, surge current and operating temperature range, 
are obtainable when the solder thickness is limited to <3 mils and good wetting is achieved. 
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ATTA 


JAN 1N1184 thru 1N1190 
JAN 1N1202A, 04A 


High Rel. 
Type 


A27BR1200 
A27DR1200 
A27MR1200 
A28BR1200 
A28DR1200 
A28BR1201 
A28DR1201 
A38BR1200 
A38DR1200 
A38MR1200 
A38BR1202 
A38DR1202 
C5AR1200 
C5BR1200 
C5DR1200 
C10AR1200 
C10BR1200 
C1OOR1200 
C11AR1200 
C11BR1200 
C11DR1200 
C11MR1200 
C35AR1200 
C35BR1200 
C35DR1200 
C35ER1200 
C35MR1200 
C38BR1200 
C38HR1200 
C38DR1200 
€137MR1200 


Commercial 
Type 


TX Type 


MILITARY TYPES AVAILABLE 


Military 
Specification 
MIL-S-19500/297 
MIL-S-19500/260 


MIL-S-19500/260 
MIL-S-19500/162 


MIL-S-19500/246 


MIL-S-19500/260A 


MIL-S-19500/269 
MIL-S-19500/297 
MIL-S-19500/297 
MIL-S-19500/304 


MIL-S-19500/308 


HIGH RELIABILITY SPECIFICATIONS 


JAN 1N4148/-1 


JAN 1N4150/-1 
JAN 1N4153/-1 


JAN 1N4454/-1 
JAN 1N4459,R 
JAN 1N4531 : 


JAN 1N4532 
JAN 2N489A-94A 


JAN 2N682, 3, 5, 6 
7, 8,9 : 


JAN 2N2323, 4, 6, 8,9 & A 


Conservative Design Maximum Conditions 


Tste, Tio 
—65 to +100°C 
—65 to +100°C 
—65 to +100°C 
—65 to +100°C 
—65 to +100°C 
—65 to +100°C 
—65 to +100°C 
—65 to +100°C 
—65 to + 100°C 
—65 to +100°C 
—65 to +100°C 
—65 to +100°C 

—65 to +85°C 

—65 to +85°C 

—65 to + 85°C 

—65 to +100°C 
—65 to +100°C 
—65 to + 100°C 
—65 to +85°C 

—65 to +85°C 

—65 to +85°C 
—65 to +85°C 

—65 to +85°C 

—65 to +85°C 
—65 to + 85°C 
—65 to +85°C 

—65 to +85°C 
—65 to + 100°C 
—65 to +100°C 
—65 to +100°C 
—65 to + 85°C 


Vora, Varm 
100V 
200V 
400V 
100V 
200V 
100V 
200V 
100V 
200V 
400V 
100V 
200V 
50V 
100V 
200V 
50V 
100V 
200V 
50V 
100V 
200V 
300V 
50V 
100V 


TX Type 


Military 
Specification 


MIL-S-19500/116 
MIL-S-19500/2312 
MIL-S-19500/144 
MIL-S-19500/162 
MIL-S-19500/116 
MIL-S-19500/144 


MIL-S-19500/75 


MIL-S-19500/108 


MIL-S-19500/276 


Estimated Maximum Failure 
Rate in Conservatively 
Designed Equipment 
% /1000 hrs. 


HARDWARE 


INSULATING KITS 
NOT SUPPLIED WITH UNITS UNLESS STATED 
ORDER BY PART + 


4 9406 gore ay tg 
i IM bee 10 oa 
"hl tm eres = amet 
th ota wee 


é 
A7149416GA2 


STANDARD HARDWARE SUPPLIED WITH 
UNIT. 


PART # 47149416GR) 


TYPICAL ISOLATED 
MOUNTING; INSULATING KIT 


she nae | 


SOLDER LU ! 
(a, teRat, mee 


oaenraenn 


{MCA we. aton 


‘VaATMse2) CA WARREN (008 Tec) 
Vrearoe Pz 
{| eat aim 
WyLOW sHouLoen 
vaasHeR 
{7a Tee) 


r wiper 


Loc wager 


on mor 
sOLOER LUS W7sarsn3en1 
tomentarion—— 


emrvoman | sag 
NO HARDWARE SUPPLIED 
WITH UNIT. 


ACA WABMER (008 TheeK 


SUGGESTED MOUNTINGS: @ 


1) 6-32 SCREW, LOCK WASHER AND NUT seme 


PART # PART 4 
2) RIVET OF EQUIVALENT SIZE i onan 
3) DIRECT SOLDER MOUNT meses 1690) 1S8BR180GR4 


PRWNTED CIRCUIT 
BOARD MOUNTING 


soupen Lug (E= MuT inenorse) 
(OmENrTATION 

‘OPTROMAL 
Arra7 3A) KUT INBIOPHE 


S0L0En Lue 
cireersaeny 


PART # 138B8189GR3 


€ | QD coven remmimar.ow 


BOTH PARTS THICK, TOM PLATED 
CAD PLATED STEEL @enase wasnen.ov vice 


WICKEL PLATED 

@MIca wasnens, Two, 028 
OD, 2061.0, 008 THICK 

@ TEFLON wasnen.270 00. 
204.0. 080 THER 


© AVAILABLE UPON REQUEST 
STANDARD HAROWARE SUPPLIED 
WITH UNIT PART # 13688021GRI10N 
PART # 138B8021GR10P 


Dcoren remwmar, 
O40 Teck, Te MATEO 


@onass wasnen, 047 
4. THICK, MICKEL BUATEO 

Twice wasnens 21 
@o 


97500. x 26010 
1008 THcK 


(A) %28 STEEL NUT, NI. CAD PLATED, CWeehe'e' 88 PART # 138B8021GR20¥ 


.17g MIN. THI 


{B) EXT. TOOTH LOCKWASHER, STEEL 
CAD PLATED, .023 MIN. THK. 


Twice 


THIS PACKAGE {S AVAILABLE IN 
STANOARD HARDWARE SUPPLIEO WITH ISOLATED STUO. REFER TO APPROPRIATE 
UNIT. SPECIFICATIONS OR USE 13888021GR20Y 
PART # 13888021GR-20X AS ABOVE. 
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24 STUD 


K-24 STUD 


%-16 STUD 


INSULATING KITS 
MOUNTING KIT NGT SUPPLIEO WITH UNITS UNLESS STATED 


ORDER BY PART + 
© < |. ) 


(1) 4-24 STEEL NUT, 
CAD PLATED 
180 MIN. THICK 
NOT AVAILABLE PART # 13888025GR24 
(2) EXTERNAL TOOTH 
LOCKWASHER, 
CAD PLATED STEEL 
028 MIN THICK 
STANDARD HARDWARE SUPPLIED WITH 
UNIT. 
PART # 138B8021GR25 


{C) COPPER TERMINAL 


070 
219 050 THICK, TIN PLATED 
(0) (F) MICA WASHERS 
1.375 O.D. X 386 LD. X 
® 005 THICK 


{&) TEFLON WASHER 
450 0.D. X .373 1.D. 


PART # 138B8021GR33 
BOTH CAD PLATED 
STEEL 
STANDARD HAROWARE SUPPLIED WITH 


UNIT. 
PART # 138B8021GA36 


2004 fej boo.t0 (C) COPPER TERMINAL .050 
® ® THICK, TIN PLATED 
(D) (F) MICA WASHERS 1.375 0.D. 
X 505 1.D. X 050 THICK 
E) TEFLON WASHER 

BOTH PARTS = 565 O.D. X .505 1.0. 

CAD PLATED STEEL X .050 THICK 

TA ‘ 

STA ANDARD HARDWARE SUPPLIED WITH PART # 13888021GR42 


PART # 13888021GR46 


% X 16 CAD PLATED STEEL NUT, 
312 THICK AND INTERNAL TOOTH 
LOCK WASHER, .050 THICK 


STANDARD HAROWARE SUPPLIED WITH NOT RECOMMENDED 
UNIT. FOR THIS PACKAGE 


PART # 13888021GR53 OR LARGER 


See Specification Sheet, Page 1411 


\%” PRESS PAK SERIES 1000 


See Specification Sheet, Page 1413 
SERIES 2500 


I 
1” PAK 
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Semiconductor product application and circuit design in- 
mation is provided in these application notes and article 
reprints from professional and technical journals. Prepared 


and written by General Electric’s Semiconductor Applica- 
tion Engineering Center, these publications give you a val- 
uable solid state reference library. 


Particular publications which interest you may be ordered by publication number from: Inquiry Clerk, General 
Electric Company, Semiconductor Products Dept., Bldg. #7, Mail Drop 49, Electronics Park, Liverpool, N.Y. 13088. 


PLEASE ORDER BY PUBLICATION NUMBER General References: 457.138 Semiconductor Data Handbook 


1. General Applications of Signal Diodes and Transistors 4. Converters and Inverters 


90.28 
90.30 
90.62 
90.86 
200.52 


200.56 
660.22 


The Use of “’y”’ Parameters in Transistor Circuit Design 
Measurement of Stored Charge in High Speed Diodes 

Y Parameters: Their Accuracy and Measurement 
Transistor Models for CACD 

The Characterization of Power Transistors to Avoid 
Forward Bias Second Breakdown 

On Switching Inductive Loads With Power Transistors 
The Computerized Use of Transient Thermai Resistance 
to Avoid Forward Biased Second Breakdown in 
Transistors 


. Audio Amplifier Circuits 


90.59 


90.78 
90.89 


90.91 
90.98 
90.99 
90.100 


Low Cost Audio for Line-Operated Radio, TV, Phono- 
graphs, Etc. 

Portable TV Sound System 

1 to 2 Watt Amplifier Circuits Requiring Minimum 
Components 

TV Audio Amplifier 

Monolithic Darlington Preamplifier 

Medium Power Amplifier Circuits 

High Power Audio Amplifier 


3. Receiving And Tuning Circuits 


90.76 
90.81 
90.82 
90.86 
90.87 
90.88 
90.97 
200.63 
200.64 


660.23 


Complementary Audio Outputs Make A High Perform- 
ance, Low Cost Audomobile Receiver 

TV Color Difference Amplifiers Using High Voltage 
Transistors 

Video Output Considerations Using a High Voltage 
Transistor 

Transistor Models for CACD 

A Four Transistor Line Operated Radio Receiver 

RGB Video Amplifiers for Color TV Offer High 
Performance 

Heatsink-Less RGB Amplifier for Color TV 
Complementary Vertical Deflection — Two Approaches 
Horizontal Deflection Under Normal And Arcing 
Conditions 

Using Improved Transistor Models in Computer-Aided 
Analysis of a RGB Video Amplifier 
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90.75 Designing A 12-Volt DC to High Voltage DC Converter 
200.57 An Assortment of High Frequency, Transistor Inverters/ 
Converters Utilizing Saturating Core Transformers 
200.75 Optimizing Battery-Powered Transistor Inverter Design 
201.25 A High Input Voltage Converter 


Miscellaneous Transistor 
90.14 Tape Erase and Bias Oscillator 


90.90 A Practical R-C Tone Generator System for Electronic 
Organs 
92.4 Sound Effect Generator 


Rectifier Application Notes 
200.1 Characteristics of Common Rectifier Circuits 


200.30 Capacitor Input Filter Design with Silicon Rectifier 
Diodes (Revision) 


General Applications of Thyristors 
90.24 A Ring Counter For Driving Incandescent Bulbs 
90.58 Reversible Ring Counter Utilizing the Silicon Con- 
trolled Switch 
90.94 The Complementary SCR 
200.01 Semiconductor Application Information 
200.9 Power Semiconductor Ratings Under Transient and 
Intermittent Loads 
200.19 Using Low-Current SCR’s (Revision) 
200.35 Using the Triac Control for AC Power (Revision) 
200.48 Flashers, Ring Counters and Chasers (Revision) 
200.54 Design of Triggering Circuits for Power SCR’s 
200.55 Handling & Thermal Considerations for GE Plastic 
Power Devices 
200.78 Application of General Electric SubscreteTM Devices 
201.23 SCR-Ignitron Comparison 
Liquid Cooling of Power Thyristors 
Technological Trends in Power Semiconductors 
Significant for Electric Vehicle Controls 
Ratings & Applications of Power Thyristors for 
Resistance Welding 


8. General Phase Control Circuits 

200.21 Three Phase SCR Firing Circuits for DC Power Supplies 

200.31 Phase Control of SCR’s With Transformer And Other 
Inductive AC Loads 

200.33 Regulated Battery Chargers Using the Silicon Con- 
trolled Rectifier 

200.46 AC Voltage or Current Regulator Featuring Closed- 
Loop Feedback Control 


201.6, 
9-11 
201.12 500-Watt AC Line Voltage and Power Regulator 

201.14 Automatic Liquid Level Control 

201.18 High Voltage Power Supply for Low Current Applications 


Applications for C106 Economy SCR 


Lighting Control 


200.18 Fluorescent Lamp Dimming With SCR’s and Associated 
Semiconductors 
200.53 Solid State Incandescent Lighting Control 


10. Motor Control 
200.43 Solid State Control for DC Motors Provides Variable 
Speed With Synchronous-Motor Performance 
200.44 Speed Control for Shunt-Wound Motors 
200.47 Speed Control for Universal Motors 


201.16 Fan Motor Speed Control — “’Hi-Intensity’’ Lamp 
Dimmer 


11. Temperature Control 
200.61 A Zero Voltage Switching Temperature Control 


200.70 Low Resistance Sensor - Zero Voltage Switching 
Temperature Control 


*671.12 Optimum Solid-State Contro! Parameters for Improved 
Performance of In-Space Electric Heating Systems 


12. SCR Inverter Circuits 
200.49 A Low Cost, Ultrasonic-Frequency Inverter Using A 
Single SCR 
660.14 Basic Magnetic Functions in Converters and Inverters 
Including New Soft Commutation 
660.15 SCR Inverter Commutated By An Auxiliary Impulse 


660.16 An SCR Inverter With Good Regulation & Sine-Wave 
Output 


671.21 Resonant Bridge inverter 


13. Protection of Power Semiconductors 


200.10 Overcurrent Protection of Semiconductor Rectifiers 

200.60 GE-MOVTM Varistors — Voltage Transient Suppressors 

200.71 Using GE-MOVT™ Varistors for Voltage Suppression 
Due to Switching Inductive Load 

200.73 Testing GE-MOVTM Varistors 


200.77 Detecting and Suppressing Nanosecond Wide Spikes 
With GE-MOVTM Varistors 
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201.28 Energy Dissipation in GE-MOVTM Varistors For Vari- 
ous Pulse Shapes 

660.21 Take the Guesswork Out of Fuse Selection 

660.24 Analysis and Design of Optimized Snubber Circuits for 
dv/dt Protection in Power Thyristor Applications 

660.28 Metal-Oxide Varistor: A New Way to Suppress Transients 


14. Optoelectronic Applications 
200.34 The Light Activated SCR 
200.59 How to Evaluate Light Emitters & Optical Systems for 
Light Sensitive Silicon Devices 
200.67 How to Use the Plastic Photodarlington Transistor 


200.68 High Performance Circuits Using the Plastic Photo- 
darlington 


15. Unijunction Applications 

90.10 The  Unijunction 
Applications 

90.16 Silicon Controlled Switches 

90.57 Using the Silicon Bilateral/Unilateral Switch 

90.68 The Silicon Unilateral Switch Provides Stable, Economi- 
cal Frequency Division 

90.70 The 2N6027 — A Programmable Unijunction Transistor 

90.72 Complementary Unijunction Transistors 

90.93 Optimizing PUT Oscillator and Timer Designs 

671.13 Innovation for Circuit Simplification 


Transistor Characteristics and 


16. Tunnel Diode Applications 
90.32 Tunnel Diodes as Amplifiers and Switches 
90.43 A Tunnel Diode R.F. Radiation Detector 
90.44 Practical Tunnel Diode Converter Circuit Considerations 
90.45 Tunnel Diode Sinewave Oscillators 
90.66 Applications for the 1N3712 Series Tunnel Diodes 


17. Test Circuits 
201.3 Portable SCR and Silicon Rectifier Tester 
201.27 DIAC Test Circuit 


18. Reliability 

95.10 A Report On The Reliability of General Electric Uni- 
junction Transistor Types, etc. — dated material 

95.14 Unijunction Transistor Types 2N2646, 2N2647 

95.29 Improved Triac Reliability Through Power-GlasTM 

95.31 Reliability of Double Heatsink Diodes 

95.37 GE Unijunction Transistor Reliability 

95.39 Guide to Designing for Reliability in Power Semicon- 
ductor Device Applications 

95.43 Semiconductor Reliability Report 

95.44 Reliability of General Electric GE-MOVTM Varistors 

95.45 Plastic Encapsulated Signal and Power Transistor 
Reliability 

95.46 General Electric Meta-BondTM Diodes 


671.14 What the Reliability of Plastic Encapsulated Devices 
Means To You 


MAJOR GENERAL ELECTRIC SEMICONDUCTOR COMPONENTS 


NAME OF CIRCUIT COMMONLY USED MAJOR 
DEVICE SYMBOL JUNCTION ELECTRICAL CHARACTERISTICS APPLICATIONS 
SCHEMATIC 
Opto Coupler A > a : 

; a 8 oa Tra Output characteristics are Isolated interfacing of 
1) Transistor 1. ¥ : ks 8 pe tgs identical to a normal logic systems with other 
(HLIA, Hi5A) |g E co = F transistor/Darlington excep! logic systems, power 
any , F c € Tre that the LED current (1). ) semiconductors and ; 
2) Darlington ne 7 A = IF replaces the base drive (1, ). electro-mechanical devices. 

(HIB, HIo) | 2. ~. B LF Solid state relays. 
Outputs c — c e Vee 


24 ANODE (+) With Anode voltage (+) the 


SCR can be triggered with a 
ee forward LED current, (Char- 
acteristics identical to a 
VYANODE(+) normal SCR except that LED 
current (1, ) replaces gate 


trigger current — I). 


Isolated interfacing of 
logic systems with AC 
power switching funce- 
tions. Replacement of 
relays: microswitches. 


Opto Coupler 
SCR Output 
(HAC) 


AC Input 
Opte Coupler 
(HLIAA) 


Telecommunications -- 
ring signal detection, 
monitoring line usage. 
Polarity insensitive solid 
state relay. Zero voltage 
detector. 


Identical to a ‘*standard” 
transistor coupler except 
tre that LED current can be of 
Try either polarity. 


Silicon With anode voltage Power switching 


Controlled (+), SCR can be ks at 
Rectifier triggered by Iy, se contro 
(SCR) remaining in conduction Inverters 


until anode I is reduced 
to zero 


Choppers 


Complementary Polarity complement Ring counters 


Silicon to SCR : 
Controlled Low speed logic 
pecutler Lamp driver 
(CSCR) 


CATHODE 


Light Operates similar to Relay Replace - 


Activated SCR, except can ment 
SCR* also be triggered ate 
P 
18.19 into conduction by oaitton:controls 


Photoelectric 
applications 


light falling on 
junctions. 


VANODE (+) 


Slave flashes 


CATHODE 


Operates similar to Logic applications 
SCR except can also 
be triggered on by a 
negative signal on 
anode-gate. Also 
several other 
specialized modes 


of operation 


Silicon 
Controlled 
Switch* 
(SCS) 


ANODE 


Counters 


Nixie drivers 


Lamp drivers 


ANODE GATE 


YANODE (-) 


ANODE GATE 


CATHODE GATE 


CATHODE 


Silicon Similar to SCS but 


TANODE (4) Switching Circuits 


Unilateral zener added to Counters 
Switch anode gate to trigger SCR Trigger 
(SUS) device into con- Oscillator 


duction atw 8 
o--- volts, Can also be 
triggered by negative 
pulse at gate lead. 


CATHODE 


Switching Circuits 
Counters 

TRIAC Phase 
Control 


Symmetrical 
bilateral version of 
the SUS. Breaks 
down in both 
directions as SUS 
does in forward, 


Silicon 
Bilateral 
Switch 
(SBS) 


GATE ANODE 2 


ANODE 1 


Operates similar 
to SCR except can 
be triggered into 
conduction in either 

direction by (+) or (-) 
gate signal 


AC switching 


Phase control 


Relay replacement 


GATE ANODE 1 


When voltage 
reaches trigger 
level (about 35. 
volts), abruptly 
switches down 
about 10 volts. 


Triac and 
SCR trigger 


Oscillator 
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MAJOR GENERAL ELECTRIC 


COMMONLY USED 
JUNCTION 


NAME OF CIRCUIT 


SEMICONDUCTOR COMPONENTS 


ELECTRICAL CHARACTERISTICS 


DEVICE SYMBOL 


cr-mov ® 


Varistor 


POSITIVE 
ELECTRODE 


NEGATIVE 
ELECTRODE 


Tunnel 
Vins 


Back ANODE 


Diode 


CATHODE 


nepen COLLECTOR 
lransistor 


pon-p 


transistor COLLECTOR 


Sic 


BASE 


Ip ) EMITTER 


Unijunction 
Transistor 
(UST) 


EMITTER 


Complementary 
Unijunction 
Transistor 
(CUJT) 


EMI’ TER 


Programmable 
Unijunction 
Transistor 
(PUT) 


Photo 
Transistor 


Diode 
or 
Rectifier 
ANODE 
CATHODE 


SCHEMATIC 


WIRE LEAD 
ELECTRODE 


ELECTRODE 
WIRE LEAD 


ENCAPSULANT 


ANODE I 


VANODE {-) 


When exposed to high energy 
transients, the varistor im- 
pedance changes from a high 
standby value to a very low 
conducting value, thus clamp- 
ing the transient voltage to a 
sate level. 


Conducts casily in 
one direction, blocks 
in the other 


VANOOE (+) 


POSITIVE 
ELECTRODE 


NEGATIVE 
ELECTRODE 


VANODE (+) 


VANODE (+) 


EMITTER 
VCOLLECTOR (+) 


COLLECTOR VoOLLECTOR +) 0 


Displays negative 
resistance when 
current exceeds 
peak point current Ip 


Similar characteristics 
to conventional diode 
except very low forward 
valtage, drop 


Constant collector 
current for given 
base drive 


Complement to 
n-p-n transistor 


TCOLLECTOR {-) 


VOLTAGE BETWEEN 
EMITTER & BASE | 


O EMITTER I, 


EMITTER 
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Unijunction emitter 
blocks until its 
voltage reaches V,; 
then conducts 


Functional comple- 
ment to UJT 


Programmed by two 
resistors for Vp, 
Ip, W- Function 
equivalent to 
normal UJT. 


Incident light acts 
as base current of 
the photo transistor 


MAJOR 
APPLICATIONS 


Voltage transient 
protection 


High voltage sensing 


Regulation 


Rectification 
Blocking 
Detecting 


Steering 


UHF converter 
Logic circuits 
Microwave 


circuits 


Level sensing 


Microwave 
mixers and 
low power 

oscillators 


Amplification 
Switching 


Oscillation 


Amplification 
Switching 
Oscillation 


Interval timing 
Oscillation 
Level Detector 


SCR Trigger 


High stability 
timers 


Oscillators and 
level detectors 


Low cost timers 
and oscillators 


Long period timers 
SCR trigger 


Level detector 


Tape readers 
Card readers 
Position sensor 


Tachometers 


GENERAL ELECTRIC WORLDWIDE ELECTRONIC COMPONENTS SALES OFFICES 2/77 


ALABAMA 


Huntsville 35801 

3322 S. Memorial Pkwy. 
Suite 4 

Area Code: 205 
883-9220 


ARIZONA 


Phoenix 85016 
5320 North 16th St. 
Area Code: 602 
264-1751 


CALIFORNIA 


Los Angeles 90064 
11840 W. Olympic Blvd. 
Area Code: 213 
479-7763 


Palo Alto 94304 
1801 Page Mill Rd. 
Suite 223 

Area Code: 415 
493-2600 


COLORADO 


Denver 80201 

201 University Blvd, 
Mailing Address: 

P.O. Box 2331, 80201 
Area Code: 303 
320-3031 


CONNECTICUT 


Bridgeport 06602 
1285 Boston Ave. 
Building 28-CE 
Area Code: 203 
334-1012 


DISTRICT OF COLUMBIA 


(Washington) 

Falls Church, Va. 22043 
7777 Leesburg Pike 
Area Code: 703 
790-1700 


FLORIDA 


North Palm Beach 33408 
321 Northlake Blvd. 
Suite 101 

Area Code: 305 
844-5202 


ILLINOIS 


Chicago 60641 

3800 N. Milwaukee Ave. 
Area Code: 312 
777-1600 


INDIANA 


Ft. Wayne 46805 
2109 E. State Blvd. 
Area Code: 219 
482-4557 


Indianapolis 46208 
3750 N. Meridian St. 
Area Code: 317 
923-7221 


MASSACHUSETTS 


Wellesley 02181 
1 Washington St, 
Area Code: 617 
237-2050 


MICHIGAN 


Southfield 48075 
24681 Northwestern 
Area Code: 313 
355-3552 


MINNESOTA 
Minneapolis 55435 
4900 Viking Dr. 
Room 108 

Area Code: 612 
835-2550 


MISSOURI 


Kansas City 64105 
911 Main St. 

Suite 518 

Area Code: 816 
221-4033 


St. Louis 63132 
1530 Fairview St. 
Area Code: 314 
429-6941 


NEW JERSEY 


Fairfield 07006 
420 Route 46 
Area Code: 201 
227-6050 


NEW YORK 


Albany 12205 

11 Computer Dr., W. 
Area Code: 518 
458-7755 


New York City — call: 
Jericho 11753 

400 Jericho Tnpk. 
Area Code: 516 
681-0900 


Rochester 14623 
3000 Winton Rad., S. 
Area Code: 716 
461-5400 


Syracuse 13201 
Bidg. 1, Room 227 
Electronics Pk. 
Area Code: 315 
456-2196 


NORTH CAROLINA 


Greensboro 27408 
1828 Banking St. 
P.O. Box 9476 
Area Code: 919 
273-6981 


OHIO 


Cleveland 44132 
26250 Euclid Ave. 
Area Code: 216 
266-2900 

Dayton 45439 

3430 S. Dixie Highway 
Mailing Address: 

P.O. Box 2143 
Kettering Branch 45429 
Area Code: 513 
298-0311 


OKLAHOMA 


Oklahoma City 73112 

3022 Northwest Expressway 
May-Ex Building 

Room 412 

Area Code: 405 

943-9015 


PENNSYLVANIA 


Erie 16531 

Building 63-2 

1100 Lawrence Pkwy, 
Area Code: 814 
455-5466 


(Philadelphia) 

Wayne 19087 

999 Old Eagle School Rad. 
Area Code: 215 
962-1500 


Pittsburgh 15220 
3 Parkway Center 
Room 304 

Area Code: 412 
921-4134 


TEXAS 


Dallas 75240 
6530 LBJ Freeway 
Suite 119-B 

Area Code: 214 
661-8582 


Houston 77036 
7011 S.W. Freeway 
Suite 106 

Area Code: 713 
777-3443 


VIRGINIA 


Waynesboro 22980 
Suites 19 and 20 
Skyline Motor Court 
Rt. 250 East 

Area Code: 703 
943-1151 


Portsmouth 23707 
808 Loudon Ave. 
Area Code: 804 
397-8752 


WASHINGTON 
Seattle 98188 

112 Andover Park, E. 
P.O. Box 88850, 98188 
Area Code: 206 
575-2866 


WISCONSIN 


Milwaukee 53202 
615 E. Michigan St. 
Area Code: 414 
271-5000 


NS 


AFRICA 


S.A. General Electric (Pty) Ltd. 
P.O. Box 24 

Maitland 7405 

R.S.A, 

Tel: 511251 


S.A. General Electric Ltd. 
P.O. Box 1482 
Capetown, R.S.A. 

Tel: 51-1251 


AUSTRALIA 


Australian General Electric Ltd. 
86-90 Bay St. 

Ultimo, N.S.W., 2007 

Tel: 212-3711 


AUSTRIA 


General Electric Technical 
Service Company, Inc. 
East Central Europe Liaison 
Peter Jordan Strasse 99 
A-1180 Vienna, Austria 


BELGIUM 


General Electric Company (USA) 
Chaussee De La Hulpe 150 
B-1170 Brussels 

Tel: 660 20 10 


CANADA 

Canadian General Electric Co. 
189 Dufferin St. 

Toronto, Ontario, Canada 
Area Code: 416 

Tel: 537-4481 


ENGLAND 


International General Electric 
Company of New York, Ltd. 

Park Lorne, 

111 Park Rd. 

London NW87 JL 

Tel: 01-402-4100 


FRANCE 


General Electric Technical Service 
Company Inc., France 

42 Avenue Montaigne 

Paris-8¢ 

Tel: 225-52-32 


GERMANY 

General Electric Germany 
Postfach 2963 

Eschersheimer Landstrasse 60-62 
6000 Frankfurt/Ma 1 

Tel: (0611)-15641 
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INDIA 


Elpro International Ltd. 
Producer Goods Dept. 

Nirmal, 17th Floor 

Nariman Point, Bombay 400021 
Tel: 292471 


IRELAND 


Electronic Trading Co. 
The Demesne 

County Louth 
Dundalk 

Tel: (042) 32371 


ITALY 


Compagnia Generale Di 
Elettricita S.P.A, 

Via Pergolesi 25 

20124 Milan 

Tel: 202808-203208 


JAPAN 


General Electric Japan, Ltd. 
Tonichi Bldg., 5th Floor 
2-31, Roppongi, 6-Chome, 
Minato-Ku 

Tokyo, 106 Japan 

Tel: 03-405-2920 


MEXICO 

General Electric De Mexico, S.A. 
Apartado 53-983 

Marina Nacional No. 365 
Mexico 17 D.F, 

Tel: 545-63-60 


SINGAPORE 

General Electric (USA) Asia Co. 
Cathay Building, Suite 104 
Orchard Road 

Singapore, 9 


SPAIN 

International General Electric 
Company of Spain, S.A. 

Edificio Espana Apartado 700 

Avenida Jose Antonio 88 

Madrid 

Tel: 247.16.05 


SWEDEN 

Internationa! General Electric AB 
Fack, Tritonvagen 27 

17120 Soina 

Sweden 

Tel: 081730 07 40 


VENEZUELA 


General Electric De Venezuela S.A. 


Sabana Grande. 
Caracas 


TTT 7 


Silicon 1N248-50,A,B 


Rectifier 


10A & 20A Types 


These stud mounted diffused junction silicon rectifiers are designed for all rectifier applications in 
the 10 to 20 ampere range. A high junction temperature rating and an extremely low forward 
voltage drop and thermal impedance permit high current operation with minimum space require- 
ments. These rectifiers may be mounted directly to a chassis or a fin or may be electrically in- 
sulated from the heat sink by using the mica washer insulating kit 


General Electrie research, advanced development and product design have resulted in a highly efficient rectifying junction. This 
feature, plus a mechanical design employing high temperature hard solders and welds for all internal and external joints and 
seals, which eliminates common sources of thermal fatigue failure, has produced a silicon rectifier with outstanding reliability 
under ali operating conditions. 


electrical ratings and specifications (60 ces, Resistive or Inductive Load) 


t t 
1N248 1N249 1N250 1N248A 1N249A 1N250A 1N248B 1N249B 1N250B 
Max. Allow. Peak 
Reverse Voltage (Repetitive, 


—65°C to +175°C) * 50 100 200 50 100 200 50 100 200. Volts 
Max. Allow. Peak Reverse Voltage 

(Repetitive at 25°C) * 50 100 200 50 100 200 55 110 220 Volts 
Max. Allow. RMS Voltage 35 70 140 35 70 140 35 70 140 Volts 
Max. Allow. DC Blocking Voltaget 50 100 200 50 100 200 50 100 200 Volts 


Max. Allow. Forward Current 
(Single Phase or Three Phase 


150°C stud temp.) —~- 10 Amp DC» —e-20 Amp DC >» —a—. 20 Amp DC —» 
Peak Recurrent Forward Current wwe 45 Amp ——— —a— 90 Amp—a>» —=——. 90 Amp ——— 
Max. Allow. Peak One-Cycle 
Surge Current —t 200 Amp —»=~— —=— 350 Amp — —w—— 350 Amp —a— 
Max. Full Load Voltage Drop 
(T; = 25°C) 
At 25A a—t-1.5 Volts 
At 50A —t— 1.5 Volts —>~ —!——1.5 Volts ——- 


Max. Leakage Current at Full Load 
(Single Phase, Full Cycle Aver- 


age, 150°C stud temp.) —_——-—-<$__—————_  milliamp ————_—————————ee 
Junction Operating and Storage 

Temp. Range ———————————————  —65°C to 175°C —— —— 
Maximum Stud Torque 30 inch-pounds. 


*Maximum voltages apply with a heat sink thermal resistance of 12°C/watt or less at maximum rated junction temperature. 
+Maximum voltages apply with a heat sink thermal resistance of 5°C/watt or less at maximum rated junction temperature. 
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1N248-50, A, B 


OUTLINE DRAWING 


INSULATING 
haar ates DIRECTION OF EASY CONVENTIONAL 


CURRENT FLOW 
144-28 NF-2A 


TYPICAL sasTanTanecys 
Fe RO GE 
JUNCTION OS MPERATURE. 2 25rc 


NOTE 1: Unit weight—-.5 oz. 

NOTE 2: Mica washer in mounting kit may 
add approx 2.5°C/watt thermal resistance 
stud to heatsink. 

Complies with EIA registered outline DO-5 

* Available upon request 


INSTANTANEOUS FOWARD CURRENT-AMPERES 


to 5 10 15 20 25 3.0 


INSTANTANEOUS FORWARD 
VOLTAGE DROP-VOLTS 


1. TYPICAL FORWARD CHARACTERISTICS 


Se 
ee ee ee 
COPS eee 


MAXIMUM ALLOWABLE 
STUD TEMPERATURE 
ASA tisp oF 


Pe ses 
a Ane aaa 


FORWARI IRRENT 
FOR NES, Nea 9, INZSO 


Bs a ca 
peas 


00 NOT USE CURVES BEYOND 
50 VOLTS FOR IN248, IN248A AND iN248B 


100 VOLTS FOR IN249, IN249A ANDO IN249B 
200 VOLTS FOR IN250, IN250A ANO IN25OB 


MAXIMUM LEAKAGE CURREN 
JUNCTION TEMPERATURE: -65°C Tro 4178¢C 


INSTANTANEOUS REVERSE CURRENT - MA 
MAXIMUM ALLOWABLE STUD TEMPERATURE ~ °C 


1090 
9 50 100 150 200 250 300 0 ry @ 12 ie 20 24 
INSTANTANEOUS REVERSE VOLTAGE - VOLTS AVERAGE FORWARD CURRENT~AMPERES 
2. REVERSE CHARACTERISTICS 3. MAXIMUM ALLOWABLE STUD TEMPERATURE 


1N248, 1N249, 1N250 


Tene | 
SINGLE PHASE 
PREP Rae 


a 
SRS See ae es 
| AI 


MAXIMUM ALLOWABLE STUD 
TEMPERATURE AS A 
FUNCTION OF FORWARD 
CURRENT FOR IN248A, 
1N249A, IN25OA, INZ48B, 
IN2498, IN250B 


IN248A, IN2488 
IN249 iIN249A, IN249B8 


<a IN2SOA, IN250B 


MAXIMUM ALLOWABLE STUD TEMPERATURE = °C 
PEAK HALF SINE WAVE FORWARD CURRENT-AMPERES 


AVERAGE FORWARD CURRENT - AMPERES 
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Silicon 
Rectifier 


IN248C-50C 
IN1195A-98A 


20 A Types 


These stud mounted diffused junction silicon rectifiers are designed for all rectifier applica- 
tions in the 20 ampere range. A high junction temperature rating and an extremely low 
forward voltage drop and thermal impedance permit high current operation with min- 
imum space requirements. These rectifiers may be mounted directly to a chassis or a 
fin or may be electrically insulated from the heat sink by using the mica washer insulating 
kit 


General Electric research, advanced development and product design have resulted in a 
highly efficient rectifying junction. This feature, plus a mechanical design employing 
high temperature hard solders and welds for all internal and external joints and seals, 
which eliminates common sources of thermal fatigue failure, has produced a silicon rec- 
tifier with outstanding reliability under all operating conditions. 


electrical ratings and specifications «o eps, Resistive or Inductive Load) 


1N248C 1N249C 1N250C 1N1195A 1N1196A 1N1197A 1N1198A 
Max. Allow. Peak Reverse 


Voltage (Repetitive) * 55 110 220 300 400 500 600 Volts 
Max. Allow. RMS Voltage 39 17 154 212 284 355 424 Volts 
Max. Allow. DC Blocking 

Voltage** 50 100 200 300 400 500 600 Volts 


Max. Allow. Forward 
Current (Single Phase or 
Three Phase — 150°C 


stud temp.) Ss  —_—_—_——. 20 Amp DC eS 
Peak Recurrent Forward 

Current —_—_—_—————. 90 Amp —————SSSSSSS SS 
Max. Allow. Peak One-Cycle 

Surge Current —_-—_———- 350 Amp SS 
Max. Full Load Voltage 


Drop (Full Cycle Average 
when operated at Max. I). 


and PRV) ———————— 0.6 Volts ———__—__________» 


Max. Leakage Current at 
Full Load (Single Phase, 
Full Cycle Average, 
150°C stud temp.) 3.8 3.6 3.4 3.2 2.5 2.2 1.5 ma. 


Junction Operating and 
Storage Temp. Range +. - 65°C to +175°C_ > 


Maximum Stud Torque 30 inch-pounds. 


*Maximum voltages apply with a heat sink thermal resistance of 12°C/watt or less at maximum rated junction 
temperature. 


**Maximum voltages apply with a heat sink thermal resistance of 5°C/watt or less at maximum rated junction 
temperature. 
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1N248C-50C 
1N1195A-98A 


OUTLINE DRAWING 


a Nae 
DIRECTION OF EASY CONVENTIONAL 
CURRENT FLOW 


144-28 NF-2A 


NOTES: (1) UNIT WEIGHT -.5 OZ. 


(2) MICA WASHER IN MOUNTING KIT MAYADD APPROX 25°C /WATT 
THERMAL RESISTANCE STUD TO HEATSINK 


*AVAILABLE UPON REQUEST. 
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Silicon 
Diodes 


This family of General Electric silicon signal 
diodes are very high speed switching diodes for 
computer circuits and general purpose applica- 
tions. These diodes incorporate an oxide passi- 
vated planar structure. This structure makes 
possible a diode having high conductance, fast 
recovery time, low leakage, and low capacitance 
combined with improved uniformity and relia- 
bility. These diodes are contained in two different 
packages; double heat sink miniature package, 
and milli-heat sink package. 

They are electrically the same as their 
equivalent types in each of the two different 
packages (see page two for groupings of elec- 
trically equivalent types in each of the two 
packages). 


PLANAR EPITAXIAL PASSIVATED 


with Controlled Conductance 


-032*.002 DIA .032*.002 eis, 


CATHODE END CATHODE END 
NOTE: ALL DIMENSIONS IN INCHES NOTE: ALL DIMENSIONS IN INCHES 


Dissipation: 500mW @ 25°C free air Dissipation: 500mW @ 25°C free air 
Derate: 2.85mW/°C for temp. above 25°C Derate: 2.85mW/°C for temp. above 25°C 
amb. based on max. Ts = 200°C amb. based on max. T; = 200°C 


STEADY 
POWER 
THERMAL DISSIPATION 
RESISTANCE AT 25°C mW 
°“C/mW (NOTE 2) 


NOTE 1 See Figure 7 for thermal resist- 
ance for short pulses. 

NOTE 2 This power rating is based on a 
maximum junction temperature of 
200°C. 


Meets all MIL-S-19500C requirements 


1N4536 


absolute maximum ratings: (25°C) (uniess otherwise specified) 
MHD & DHD MHD & DHD 


Volt es 
3 Y  RSgerae 75 25 Volts 
Current 
Average Rectified 150 150 mA 
Recurrent Peak Forward 450 450 mA 
Forward Steady-State DC 200 200 mA 
Peak Forward Surge (1usec. pulse) 2000 2000 mA 
Power 
Dissipation 500 500 mW 
Temperature . 
Operating < 65 to +200-——> Cc 
Storage <— — 65 to +200-—> °C 


electrical characteristics: (25°C) (unless otherwise specified) 


Jane Forward Maximum Reverse 
Minimum Voltage Current, In 
‘Breakdown 


: c a) 
Voltage 20V : 75N 7 


*Except as noted. 


NOTES (1) Maximum Capacitance is measured on Boonton model 75A capacitance bridge at a signal level of 50 mV at 
Vr=0 
(2) Maximum Reverse Recovery Time, Ir = 10mA, Vr = —6V, Ri = 100, Recovery to 1.0mA (Figure 6) 
(3) Maximum Forward Recovery Voltage, —50mA peak square wave, 0.1 usec, pulse width, 5 to 100 kHz repeti- 
tion rate, generator rise time (tr) = 30nsec. 
(4) Also 3uA at 20 V at 100°C 
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IR NORMALIZED TO 25°C 
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ESTIMATION OF REVERSE RECOVERY TIME UNDER VARIOUS DRIVE CONDITIONS 


The reverse recovery time of a silicon signal 
diode has been shown* to be determined by 
a quantity called the effective lifetime, 7, and 
the ratio of forward and reverse current. 
The exact equations expressing times t. and 
tp (as defined in the sketch at right) are 
somewhat inconvenient for numerical evalu- 
tion, but in many cases an estimation of 
response time is sufficient. Figure 10 is a 
graphical solution to the response time equa- 
tions and its use can best be illustrated by 
the following example: 


FIND: Recovery time to 5 mA reverse current when the forward current is 25 mA and the 
maximum reverse current is 20 mA. 


SOLUTION: Enter the left side of Figure 10 at I,:/Ir = 20/25 — 0.8 and follow horizontally until the 
t, vs. I/Is line is reached (see dotted line). From the t/r scale of the horizontal axis, it 
is seen that t, is 0.287. The t, portion of the recovery curve is estimated by moving 
downward parallel to the general contour lines until the Tyo/It = 5/25 = 0.2 line is 
reached. The total switching time is thus 0.467. The delay time, t», is 0.467 —0.287 or 0.187. 
The value of r on the spec sheet should be corrected for current level. Figure 9 shows the typical variation of 
effective lifetime with forward current. Since the current level of the example is 25 mA, the maximum effective 
lifetime is approximately (6.8) (1.85) or 9.3 nsec., therefore: 
t. ~ (9.8) (.28) ~ 2.6 nsec. maximum 
to = (9.8) (.18) ~ 1.7 nsec. maximum 
Total reverse recovery time ~ 4.3 nsec. maximum 
Additional information on this method of diode recovery time calculation is contained in a paper entitled 


“Predicting Reverse Recovery Time of High Speed Semiconductor Junction Diodes” by C. H. Chen, (Publication 
#90.36) available on request. 


A an 


*Ko, W. H., “The Reverse Transient Behavior of Semiconductor Junction Diodes,” IRE Trans. ED-8, March 
1961, pp. 123-131. 
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1N1183-90 
1N3765-68 


Silicon 
Rectifier 


These diffused junction rectifiers are intended to be applied under the most 
stringent Military environment. The glass seal is specially designed to give a 
reasonable creepage distance at voltages through 1200 volts. The all hard-solder 
construction used in the assembly of these devices will promote long thermal 
fatigue free life even under cyclic load conditions. 


Features: New High Voltage—Up To 1200V 
Thermal Fatigue Free—Uses Hard-Solders 


e 
e 
@® Popular JEDEC DO-5 Outline 
e 
e 


Ratings up to 200°C Junction Temperature 
Available in Reverse Polarity 


ratings & specifications (60 cps, Resistive or Inductive Load) 


1N1183 1N1184 1N11785 1N1186 1N1187 1N1188 1N1189 1N1190 1N3765 1N3766 1N3767 1N3768 1N5332 

*Maximum Allowable Repet- 
itive and Working Peak 
Reverse Voltage, Vas (rep) 


& Vim (wkg.) 50 100 150 200 300 400 500 600 700 800 900 1000 1200 volts 
Maximum Allowable RMS * * * * * * * 7 

Voltage, V; 35.5 71 106 142 212 284 355 424 495 565 635 710 852 volts 
*Maximum Allowable DC 

Blocking Voltage, Vx’ 40 80 120 160 240 320 400 480 700 800 900 1000 1200 volts 


*Maximum Allowable Aver- 
age Forward Current (180° 
conduction angle, 60 cps, 
half sine wave current at 
Tc = 140°C), Io << 35 Ad 


*Maximum Allowable Peak 
One Cycle Surge Current 


(non-recurrent) ,Iru (surge) = —«————-————__~-_- 500 +. 400 ——— + 500 amperes 


I’t Rating (for t greater than 
-001 sec. and less than .0083 
sec., non-recurrent) A$ 500 (Amp RMS) *Sec min. value, See Chart 6 ———————_____—_> 


*Maximum Peak Forward 


Voltage Drop (In = 35 Ade 
at Tc = 140°C), Vray) 1.7 —______—+|.—__. 1.8 Se Vde 


*Maximum Average Reverse 


Current (Io = 35 Ade at 

Tc = 140°C), Trav 10 10 10 10 10 10 10 10 5 4 3 2 2 mA 
Maximum Effective Thermal 

Resistance Junction to = = a . i * a * 

Case, Rose 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 °c/w 


Junction Operating & Stor- | 
age Temperature Range, Ts 
Tote A — 65° C to + 200°C 


Stud Torque —————— 30 inch pounds (85K,-cem) 
1Maximum voltages apply with a heat sink thermal resistance of 10°C/w or less at maximum rated junction temperature. 
2Maximum voltages apply with a heat sink thermal resistance of 5°C/w or less at maximum rated junction temperature. 


NOTE: Case temperature is measured at the center of any one of the hex flats. 
*The asterisk denotes JEDEC (EIA) registered information. 
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iNii6300 | 1NS3a2__ 
ins7escs [| —*d 


yMBOL|___INCHES __ MILLIMETERS 
| MIN. | MAX. | MIN. | MAX. | 
A 


out} 


OUTLINE DRAWING 


DO-5 


TERM2-4 wa 
SEATING A 
PLANE J 

NOTES: 

|.COMPLETE THREADS TO EXTEND TO WITHIN 2-1/2 
THREADS OF SEATING PLANE. 

2. ANGULAR ORIENTATION OF TERMINAL IS UNDEFINED. 

3. 1/4-28 UNF- 2A. MAXIMUM PITCH DIAMETER OF PLATED 
THREADS SHALL BE BASIC PITCH DIAMETER (.2268" 5.74 MM) 
REF. (SCREW THREAD STANDARDS FOR FEDERAL SERVICES 
1957) HANDBOOK H28 1957 PI. 


4.MINIMUM FLAT. 
EIA-NEMA STANDARD OUTLINE, NEMA SK-51- EIA RS-24l. 


INSULATING HARDWARE IS AVAILABLE UPON REQUEST. 
5. FOR REVERSE POLARITY TYPES ADD THE LETTER 
R, EXAMPLE: INU83R . 


2. . 
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1N1183-90 
1N3765-68 


+ 


MAXIMUM 38 CURRENT RATING 


FORCED CONVECTION 
7 COOLING-I000 FT/MIN 
VN 


Tray) AVERAGE . FORWARD CURRENT PER DIODE-ADC 


NOTES (1) FIN EMISSIVITY > 90% 
(2) MIN FIN SPACING 0.7 INCHES 
(3) DIODE MOUNTED AT CENTER OF FIN 
(4) FIN MOUNTED VERTICALLY OR PARALLEL TO AIR STREAM 


9 20 40 60 80 100 (20 140 160 180 
Ta AMBIENT TEMPERATURE -°C 


7. CURRENT RATING FOR DEVICE MOUNTED ON 5” x 5” x .050” COPPER FIN 


NOTES (1) FIN EMISSIVITY > 90% 
(2) MIN FIN SPACING 0.5 INCHES 


(3) DIODE MOUNTED AT CENTER OF FIN 
(4) rn MOUNTED VERTICALLY OR PARALLEL TO AIR STREAM 
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8. CURRENT RATING FOR DEVICE MOUNTED ON 212” x 22” x .043” COPPER FIN 
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|_1N1195 SEE PAGE 203 | 


1N1199A-1N1206A 


1N1199RA-1N1206RA 
1N3670A-1N3673A 


Silicon 
Rectifiers 


These diffused junction rectifiers are designed specifically to provide high performance for appli- 
cations up to 22 amperes Average Forward Current in single-phase applications with repetitive 
peak reverse voltages of 50 through 1200 volts. High junction temperature rating plus low for- 
ward drop and thermal! impedance permit high current operation with minimum space requirements. 


General Electric research, advance development and product design have resulted in a highly 
efficient rectifying junction. This feature, plus a mechanical design employing high-temperature 
hard solders and welds for all internal and external joints and seals, which eliminates common 
sources of thermal fatigue failure, have produced a silicon rectifier with outstanding reliability 
under all operating conditions. 


FEATURES; 
® High Voltage © Uses Hard Solders for Thermal Fatigue Protection 
¢ Ratings up to 200°C Junction Temperature © Transient Voltage Ratings 200 Volts 
@ Popular DO-4 Outline Above PRV Ratings 


1 

1N1200A, RA 
1N1201A, RA 
1N1202A, RA 
1N1203A, RA 


1N1204A, RA 

1N1205A, RA 

1N1206A, RA 

1N3670A, RA 

1N3671A, RA 

1N3672A, RA 

1N3673A, RA 

1N5331, R 
Average Forward Current (Tc = 150°C, single-phase) ..... 0.0... c ccc c cece nee e een eantevevebeeeerenees 12 Amperes* 
Peak One-Cycle Surge Current (non-repetitive), Irm (surge) .....0. 0.00. cece cece ese c ccc cuveceuceevetebnnbneececcee. 240 Amperes* 
Minimum I*t Rating (for times > .0008 sec. and 

< .0083 sec., non-recurrent) 06.0.0... cece cece cece cece e en ceteseeueueenece. 60 Ampere? seconds 

Maximum Full-Load Voltage Drop (Tc = 150°C, single-phase, full-cycle avg.) 0.0.0.0... 0c ccc cee ceuceeescceceencuces 0.55 Volts* 
Maximum Thermal Resistance, 93.c.......000.0 0c cece cece eee e eee ee ene nett et ee bbe b bbb bbb bbb bb bb bbb bcp c ec, 2.5°C/Watt 
Storage and Operating Junction Temperature, Ty........0 0.0000. ccc cecee cee eeetecceeee vee bbe bee cetebbb ere co. —65°C to +200°C* 
Stud Torque ss sie desc lessee ta aicyan 9 pease send pataceraras May eattta Meads dials, Se dosel eae ia erase crete iets ea 12 Lb-in (Min), 15 Lb-in (Max) * 


14 Kg-cm (Min), 17.5 Kg-cm (Mav) * 
NOTES: 
(1) Maximum voltages apply with a heatsink thermal resistance of 22°C/watt, or less, at maximum rated junction temperature. 


(2) Maximum voltages apply with a heatsink thermal resistance 7°C/watt, or less, at maximum rated junction temperature. 
(3) Case temperature, Tc, is measured at the center of any one of the hex flats. 


*Indicates values included in JEDEC Type Number Registration. 
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1N1199A-1N1206A 
1N1199RA-1N1206RA 
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FORWARD POWER DISSIPATION - WATTS 


ie) 2 4 6 8 10 12 14 I6 18 20 22 24 26 28 30 32 34 
AVERAGE FORWARD CURRENT- AMPERES 


2. FORWARD POWER AS A FUNCTION OF AVERAGE FORWARD 
CURRENT (T; = +200°C) 


o Ss 10 £8 20 25 30 35 40 
INSTANTANEOUS FORWARD VOLTAGE - VOLTS 


1. MAXIMUM FORWARD CHARACTERISTICS 
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PEAK HALF SINE WAVE FORWARD CURRENT- 


POR SUB-CYCLE SURGE 
OURATION (LESS THAN 
I CYCLE) USE CURVE 5 
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6 6 to 20 30 «40 «BO 60 
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. MAXIMUM CASE TEMPERATURE VS. AVERAGE FORWARD CURRENT 
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MAXIMUM SURGE CURRENT FOLLOWING RATED LOAD CONDITIONS 
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0.043" THICK COPPER FIN EMISSIVITY* 90%. 
STUD MOUNTED DIRECTLY TO FIN. 
FIN MOUNTED VERTICALLY. 


88 


AVERAGE FORWARD CURRENT-AMPERES 


AMBIENT TEMPERATURE - °C 


. REQUIRED FIN SIZE — FREE CONVECTION, SINGLE FIN, UNIMPEDED 
RADIATION 


STUD MOUNTED OIRECTLY TO FIN. 
FINS MOUNTED PARALLEL TO AIR FLOW. 
AIR VELOCITY * 1000 FT/MIN. 
MINIMUM FIN SPACING = 0.5 INCH. 


\F AIR VELOCITY OF 500 FT/MIN 
1S USEO, MULTIPLY CURRENT 
FACTORS BY 0.87. 


AVERAGE FORWARD CURRENT - AMPERES 


AMBIENT TEMPERATURE °C 


8. REQUIRED FIN SIZE — FORCED CONVECTION, IMPEDED RADIATION 


AVERAGE FORWARD CURRENT- AMPERES 
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NOTE: 

0.043" THICK COPPER FIN. EMISSIVITY= 90%. 
[ |_| stub mounteo DIRECTLY TO FIN. 

FIN MOUNTED VERTICALLY. 

MINIMUM FIN SPACING = 0.8 INCH, 


AMBIENT TEMPERATURE -*C 


7. REQUIRED FIN SIZE — FREE CONVECTION, IMPEDED RADIATION 


TO USE GRAPHS 6, 7 AND 8 


1. Enter graph at vertical axis with desired 
current multiplied by proper current 


factor: 
DC-0.80 36-1.15 
1-17.00 69-1.40 
2. Intercept desired fin curve 


. Read on horizontal axis the maximum 
allowable ambient temperature 
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9. MAXIMUM TRANSIENT THERMAL IMPEDANCE — JUNCTION TO HEATSINK 


OUTLINE DRAWING 


INSULATING HARDWARE 
KIT * 


en 
—_———————_—_=____ 


-_ ® 10-32 STEEL NUT 
CADMIUM PLATED ANODE 
.078 080 R ® LOCKWASHER, le 
DIA. CADMIUM PLATED 
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@) COPPER TERMINAL ,O16 N A E 
THICK, TIN PLATED 
(@) BRASS WASHER,035 THICK J——4 


NICKEL PLATED COMPLIES WITH 


@ MICA WASHERS, TWO, .625 EIA REGISTERED OUTLINE DO-4 
0.D., .204 1.D., 005 THICK 


@) TEFLON WASHER,.270 O.D. 
.204 1.D.,.050 THICK 


# AVAILABLE UPON REQUEST 
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NOTES: 


1. Angular orientation of this terminal is undefined. 


2. 10-82 UNF-2A. Maximum pitch diameter of plated threads shall be basic 
pitch diameter (.1697”, 4.29 MM). Ref: (Screw thread standards for Federal 
Services 1957) Handbook H28, P1. 
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Silicon 
Rectifiers 


MEDIUM CURRENT 6A TYPE 


IN1341A-48A 
IN1341RA-48RA 


These stud mounted diffused junction silicon rectifiers, (designed to meet MIL-E-1/1108) are 
recommended for all rectifier applications in the 2 to 8 ampere range. A high junction tem- 
perature rating and an extremely low forward voltage drop and thermal impedance permit 
high current operation with minimum space requirements. These rectifiers may be mounted 
directly to a chassis or a fin or may be electrically insulated from the heat sink by using the 
mica washer insulating kit Versatility is further increased 
by the availability of a negative polarity unit (stud is anode), described by the suffix “R” 
appearing after the type number. The use of positive and negative polarity units facilitates 
the construction of bridge circuits and permits the use of either a positive or negative heat 
sink in half-wave and center-tap applications. 

General Electric research, advanced development and product design have resulted in a 
highly efficient rectifying junction. This feature, plus a mechanical design employing high 
temperature hard solders and welds for all internal and external joints and seals, which 
eliminates common sources of thermal fatigue failure, have produced a silicon rectifier with 
outstanding reliability under all operating conditions. 


electrical ratings and SpeECifications (60 cps, Resistive or Inductive Load) 


1N1341A 1N1342A 1N1343A 1N1344A 1N1345A 1N1346A 1N1347A_ 1N1348A 


Max. Allow. Transient Peak Reverse TNT341RA 1N1342RA 1N1343RA 1N1344RA 1N1345RA 1N1346RA 1N1347RA IN1348RA 


Voltage (Non-recurrent, 5 millisec. 


max. duration, T; = 0 to 200°C) 100 200 300 350 450 600 700 800 Volts 
Max. Allow. Peak Reverse Voltage 

(Repetitive) * 50 100 150 200 300 400 500 600 Volts 
Max. Allow. RMS Voltage 35 70 105 140 210 280 350 420 Volts 
Max. Allow. DC Blocking Voltage** 50 100 150 200 300 400 500 600 Volts 


Max. Allow. Forward Current (Single 
Phase —150°C stud temp.) <_—————___—-6 amperes —_________-__________» 


Max. Allow. Peak One Cycle Surge 
Current (non-recurrent) << —— 150 amperes ——————-_______» | 


I*t Rating (for t greater than .0008 sec. ; . 
and less than .0083 sec. (non-recurrent) <— 25 ampere? sec. — min. rating (T; =—65°C to +200°C) ——» 


Max. Full Load Voltage Drop (Single 
Phase, Full Cycle Average —150°C 
stud temp.) <_—— 64 Volts —————_____———___ > 


Max. Leakage Current at Full Load 
(Single Phase, Full Cycle Average 


—150°C stud temp.) 3.0 2.5 2.25 2.0 1.75 1.5 1.25 1.0 ma 
Max. Thermal Resistance (junction to stud) << 4.25°C/ Watt ———c_ > 
Junction Operating and Storage ° 

Temp. Range << — 65°C to + 200°C ———— ———_—_—____——— > 
Stud Torque Minimum 12 in.-lbs.; Maximum 165 in.-lbs. 


*Maximum voltages apply with a heat sink thermal resistance of 22°C/ Watt or less at maximum rated junction temperature. 
**Maximum voltages apply with a heat sink thermal resistance of 7°/Watt or less at maximum rated junction temperature. 
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1N1341A-48A 
1N1341RA-48RA 


INSULATING 
HARDWARE 
KIT* 


OUTLINE DRAWING 


—————— 
DIRECTION OF EASY CONVENTIONAL 
CURRENT FLOW — INIISSA~-INI2Z06A 


DIRECTION OF EASY CONVENTIONAL 
CURRENT FLOW —iNIISORA- INI2ZO6RA 


OUTLINE DRAWING 


INCHES MILLIMETERS 


NOTES 


DIRECTION OF FOWARD CURRENT FLOW: 
—e+—__ REVERSE POLARITY 
—+— FOWARD POLARITY 
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NOTES: 
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EIA REGISTERED OUTLINE DO-4 


@BRASS WASHER,O35 THICK 
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@ MICA WASHERS, TWO, .625 
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@ TEFLON WASHER,.270 0.0. 


2, 10-32 UNF-2A. Maximum pitch diameter of plated threads 
shall be basic pitch diameter (.1697”, 4.29 MM). Ref: (Screw 
thread standards for Federal Services 1957) Handbook H28, Pi 


204 1.D., 050 THICK 
# AVAILABLE UPON REQUEST 
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6. SUB-CYCLE SURGE RATING 
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EMISSIVITY =90 % STUD MOUNTED 
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Rectifier 


MEDIUM CURRENT 5A 


These popular stud mounted 5 ampere rectifiers are the commercial version of the 
MIL-19500/162 rectifiers. They were designed specifically to meet this military specifica- 
tion. Hermetic seals, one piece terminals, and all-hard-solder construction are the major 
features of this design. The all-hard-solder or welded construction is an important fea- 
ture for the designer to consider. Temperature excursions caused by heating and cooling 
when the rectifier is used intermittently at maximum rating will cause thermal fatigue 
in a soft-solder construction. The hard-solder and welded construction provides freedom 
from thermal fatigue failures. 


The major features of this design are: 
@ Hard-Solder, Thermal Fatigue Free 
@ Solid One-Piece Terminal 
@ Low Thermal Impedance 
@ Transient PRV Ratings 


electrical ratings and Specifications (60 eps, Resistive or Inductive Lead) 


IN1612 1N1613 1N1614¢ IN16154¢ IN1T616¢ 

Max. Allow. Transient Peak Reverse 1N1612R 1N1613R IN1614R TNI615R INT616R 

Voltage (Non-recurrent, 5 millisec. 

max. duration, T; = 0 to 190°C) 100 200 350 600 800 Volts 
Max. Allow. Peak Reverse Voltage 

(Repetitive) * 50 100 200 400 600 Volts 
Max. Allow. RMS Voltage 35 70 140 280 420 Volts 
Max. Allow. DC Blocking Voltage** 50 100 200 400 600 Volts 
Max. Allow. Forward Current (Single 

Phase +150°C stud temp.) << 5 amperes —______Y® 
Max. Allow. Peak One Cycle Surge 

Current (non-recurrent) <—————— 150 amperes ——____________» 


I°t Rating [for t greater than .0008 sec. 25 ampere? sec. — min. rating 
° ° SU UEEAeEGnENeNOR: <a 
and less than .0083 sec. (non-recurrent) ] <—_— (T,; = —65°C to +190°C) 


Max. Full Load Voltage Drop (Single 
Phase, Full Cycle Average +150°C 
stud temp.) << 64 Volts ———_—________» 


Max. Leakage Current at Full Load 
(Single Phase, Full Cycle Average 


150°C stud temp.) 1.0 1.0 1.0 1.0 1.0 ma 
Max. Thermal Resistance (junction to stud) << 7.0°C/WV att ——__—_________» 
Junction Operating and Storage 

Temp. Range <——__—_—_—_———- — 65°C to +190°C ——__» 
Stud Torque Minimum 12 in.-lbs.; Maximum 15 in.-lbs. 


*Maximum voltages apply with a heat sink thermal resistance of 22°C/Watt or less at maximum rated junction temperature. 
**Maximum voltages apply with a heat sink thermal resistance of 7°/Watt or less at maximum rated junction temperature. 
tAvailable as MIL-S-19600/162 devices. 


221 


ee 
(_1N1612:16, R | 


200 + a 3 ea 1000 
| iy | — 
1 TYPICAL— = 
1OOF —- +t Nt [7 -. [> NCTION TEMPERATURE + 190°C 
| | ea a de 
20 ! i a INIGIS 
; ! a 
| 2 
nw : = 100 
ww } < 
20! 2 
i o 
a $ 
4 
. | ss 
enh a 
CY] : e 
g | MAXIMUM AND TYPICAL © 
Fa INSTANTANEOUS ° Niet 
sO w 
gq 39) FORWARD CHARACTERISTICS 2 10 
aa S 
ze | a 
«201 é 
8 | 3 
O H z 
ire) t t < 
z aes & 
ee < 
Li 
= ' | | 2 10 + 
uw bi 4 
z i re ; 
cs! 
Ty? 25°C 
i f 
OF ae 
qu 
ob E L a 1 om] 
o 8 10 18 20 25 30 35 40 45 50 ° 100 200 300 400 500 600 
INSTANTANEOUS FORWARD VOLTAGE DROP-VOLTS INSTANTANOUS REVERSE VOLTAGE - VOLTS 
7. MAXIMUM AND TYPICAL FORWARD CHARACTERISTICS 2. REVERSE CHARACTERISTICS 


24 
See Se ee 
ZCOPSES tele 
: 2 aa (Ne es Pe (eae a 
¢ ae ea FE eee 
a @ 4 6 6 10 12 14 #16 18 20 22 24 iG 20 40 60 80 100 120 140 160 ee 200 
AVERAGE FORWARD CURRENT- AMPERES STUD TEMPERATURE ~ DEGREES CENTIGRADE 
3. FORWARD POWER DISSIPATION 4. MAXIMUM ALLOWABLE STUD TEMPERATURE 


222 


PEAK HALF SINE WAVE FORWARD CURRENT AMPERES 


MAXIMUM ALLOWABLE SURGE CURRENT 
AT RATED LOAD CONDITIONS 
(NON-RECURRENT) 


FOR SUB-CYCLE SURGE 
OURATION (LESS THAN 


1 CYCLE) USE CURVE YI 


CYCLES AT 60 CPS. 


5. SURGE RATING (1-60 cycles) 


*7. REQUIRED FIN S!ZE—FREE 


CONVECTION, SINGLE FIN, 
UNIMPEDED RADIATION 


*8. REQUIRED FIN SIZE—FREE 
CONVECTION, IMPEDED 


RADIATION 


*9. REQUIRED FIN SIZE—FORCED 
CONVECTION, IMPEDED 
RADIATION 
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* TO USE GRAPHS 7, 8, 9 
1, Enter graph at vertical axis with desired 
current multiplied by proper current factor: 
DC-0.80 3-71.15 
1-1.00 6¢-1.40 
2. Intercept desired fin curve 
3. Read on horizontal axis the maximum 
allowable ambient temperature. 
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NOTES: 
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1, Angular orientation of this terminal is undefined. 
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shall be basic pitch diameter (,1697”, 4.29 MM). Ref: (Screw 
thread standards for Federal Services 1957) Handbook H28, Pl 
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Silicon 1N2154-60,R 
Rectifiers 


Medium Current 


These stud mounted diffused junction silicon rectifiers are de- 
signed for all rectifier applications in the 2 to 30 ampere range. 
A high junction temperature rating and an extremely low for- 
ward voltage drop and thermal impedance permit high current 
operation with minimum space requirements. These rectifiers 
may be mounted giectly to a chassis or a fin or may be elec- 
trically insulated from the heat sink by using the mica washer 
insulating kit Versatility is 
further increased by the availability of a negative polarity unit 
(stud is anode), described by the suffix “R” appearing after the 
type number. The use of positive and negative polarity units 
facilitates the construction of bridge circuits and permits the 
use of either a positive or negative heat sink in half-wave and 
center-tap applications. Stacked fin assemblies (4JA3511 series) 
are also available. 


General Electric research, advance development and product 
design have resulted in a highly efficient rectifying junction. 
This feature, plus a mechanical design employing high tempera- 
ture hard solders and welds for all internal and external joints 
and seals, which eliminates common sources of thermal fatigue 
failure, has produced a silicon rectifier with outstanding reli- 
ability under all operating conditions. 


electrical ratings and specifications. (60 cps, Resistive or inductive Lead) 


1N2154 1N2155 1N2156 1N2157 1N2158 1N2159 1N2160 


Max. Allow. Transient Peak Reverse 1N2154R 1N2155R 1N2156R 1N2157R 1N2158R 1N2159R 1N2160R 

Voltage (Non-Recurrent 5 millisec. 

max. duration) 100 200 350 450 600 700 800 volts 
Max. Allow. Peak Reverse Voltage* 

(Repetitive) 50 100 200 300 400 500 600 volts 
Max. Allow. RMS Voltage 35 70 140 210 280 350 420 volts 
Max. Allow. DC Blocking Voltage** 50 100 200 300 400 500 600 volts 
Max. Allow. Forward Current (Single 

Phase — 145°C stud temp.) <—__—____—— 25 amperes ———_--______—__-__» 

Max. Allow. Peak One-Cycle Surge Current <—_-—____—_——- 400 amperes ————________——_——> 
I°t Ratings (for fusing) 
(for t = .0008 < t < .0083 seconds) <—________—. 250 ampere? sec. ———--_________» 
Max. Full Load Voltage Drop (Full Cycle 
Average — 145°C stud temp.) <_————_—————— 0.60 volts ————_____________» 


Max. Leakage Current at Full Load (Full 
Cycle Average, Single Phase 
145°C stud temp.) 5 4.5 4 3.5 3 2.5 2 ma 


Max. Thermal Resistance (junction to stud) << 18° C/watt ——————_—_—_—____—_—_—_—_> 


Junction Operating and Storage 
Temperature Range ~~ 65°C to +200°C —____—___> 


*Maximum voltages apply with a heat sink thermal resistance of 12°C/watt or less at maximum rated junction temperature. 
**Maximum voltages apply with a heat sink thermal resistance of 5°C/watt or less at maximum rated junction temperature. 
***For RMS surge current ratings in sub-cycle region (less than one eycle) as a function of t, see Curve IX. 


mechanical specifications 


Maximum Stud Torque... ec 30 inch-pounds 
Mechanical Shock... MIL-STD-202, Method 202 500G for 1 millisec. 5 times in each of 3 directions 
Vibration (Fatigue) Any frequency between 45-100 cps with constant peak acceleration of 10G 
Vibration (High Acceleration) 00000 100 to 1000 cps with constant peak of 10G 
Centrifuge: co = ea i ee terete OY 8 BN estat 2 Redeye tool | hn ded he Alek aa 5000G 
Moisture Resistance... 5 Sa Sn SES IE Th a co ap A athe le eae BO eal MIL-STD-202, Method 106 


Temperature Cyclimg 22 oc 5 cycles, —65°C to +175°C 
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1N2154-60, R 
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MAXIMUM FORWARO CURRENT 
VS AMBIENT TEMPERATURE 
FOR VARIOUS FIN SIZES — 
SINGLE FIN, UNIMPEDED 
RADIATION. 
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tr 
Diode 


The 1IN4305 is avery high speed silicon switching diode for com- 
puter circuits and general purpose applications. This oxide passivated planar 
diode features fast recovery time, low leakage and low capacitance. The maxi- 
mum and minimum forward voltages are specified at four forward currents from 
250 uamps to 10 ma. This guaranteed, closely controlled conductance is necessary 
for the design of clamping circuits, logic circuits and other types of circuits that 
require tolerances on voltage levels. The double heatsink 1N4305 offers springless 
construction, 500 mw dissipation, reduced package size, and is recommended for 


new design. 
1N4305 
Reverse Voltage 50 volts 
Average Rectified Current 150 ma ae 
Forward Steady-State DC Current 200 ma acne 
Recurrent Peak Forward Current 225 ma 
Peak Forward Surge Current (1 usec. pulse) 2000 ma 
Power Dissipation (25°C free air) 500 mw 
Operating Temperature -65to +200 °C 
Storage Temperature -65to +200 a 


electrical characteristics: (25°C) (untess otherwise specified) 
1N4305 
Min. Max. 

Breakdown Voltage (Ip =5 ua) By 75 volts 
Forward Voltage ([-=250 uamps) Vel 505 575 volts 

(I~ =1 ma) Vr2 550 .650 volts 

(I; =2 ma) V3 .610 .710 volts 

(I,;=10 ma) V4 .700 .850 volts 
Reverse Current (Vp = -50 v) Ip a uamps 
Reverse Current (150°C) (Vp = -50v) Ip 100 uamps 
Reverse Recovery Time (I, =10 ma, I,=10 ma) (Note 1) tis, 4 nsec. 
Reverse Recovery Time 

([;=10 ma, V,= -6V, R, =100 ) (Note 1) ter 2 nsec. 

Capacitance (V, =0 v) (Note 2) Co 2 pf 
Rectification Efficiency (100 mc) (Note 3) Re 45 % 
Note |: Recovery time to | ma. 


2: Capacitance as measured on Boonton Model 75A Capacitance Bridge at a signal level of 50 mv and 
a frequency of 1 mc. 

3: Rectification Efficiency is defined as the ratio of DC load voltage to peak rf input voltage to the 
detector circuit, measured with 2.0 vrms input to the circuit. Load resistance 5KQ, load capacitance 20 uuf. 
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Silicon 1N3208,R 
Rectifiers | IN3214,R | 


A4OF—M 
A4IF—M 


General Electric has designed this 20 Ampere rectifier specifically for the normal industrial and consumer 
low ambient temperature applications. The design utilizers the smallest practical size for the rating with 
particular attention to rigidity and rugged construction. The solid one-piece terminal and the case-to-hex 
solder mounting technique provides good mechanical strength, minimizes breakage problems, and pro- 
motes stability of heat transfer characteristics from the diffused junction to the stud. 


OUTLINE DRAWING js) {Notes his 
¥ INCHES MM | 
M MIN. MAX MIN MAX, 
STRAIGHT KNURL 50 TRI. A . 501 505 12.73 12.83 
: bids : Bl .467 465 11.86 | 12.07 
¢ High Surge Current Capabilities (Up to 300 Amperes) clit? REF. 450. REF 
© One-piece Terminal b{ 109 REF 2.77 REF. 
¢ Positive Solder Case-to-hex Mounting Fi 104 415 | 265 2.91 
¢ Small Size— 9/16” Hex, 1/2” Diameter Barrel Gc] .285 | .350 7.24 8.88 
: : ‘ai H|__.330 375 8.39 9.52 
‘ : 
Reverse Polarity Devices Available a _ = sane 
K| .083 | .097 2.11 2.46 
@|.034 —‘*REF. 86 REF. 
fe 
[R[ 250 = 6.34 
SEATING Fane S$ |THREAD SIZE-1/4"- 28OUNF- 2A 
x u 7] .oss | .o98 | 2.18 2.49 
up = 920 = 23,36 
14 ct. 
v _ 485 i t2.31 
wl 552 | 562 [1402 [| 14.27 
x{_.432_ | .442 | 10.97 1123 


RATINGS AND CHARACTERISTICS (Single Phase Resistive Load) 


Forward Polarity AAOF A4OA A40B A40C A40D A40E _A4OM 
Reverse Polarity A4IF A4IA A4IB A4IC =6A4ID «ASIE = AIM 


Max. Peak Reverse Voltage 50 100 200 300 400 500 600 volts 
Max. Continuous D-C Reverse Voltage 50 100 200 300 86490 500 600 volts 
Max. Sine Wave RMS Voltage 35 70 140 210 280 350 420 volts 
Max. Ave. D-C Forward Current 

At 110°C Stud —_——__—_——- 20 amps ———__— 

At 150°C Stud <<. 15 amps ——_—"—-">> 
Peak One-Cycle Forward Surge Current (60 cps, 

)= 25°C) ~~————___——— 300 amps ——-—__—__>> 

I-t Rating for Fusing or Capacitor Inrush —_——-__——— 100 amp? sec ————>> 
Max. Forward Voltage at 20 Amps D-C Forward 

Current (T,=25°C) ~<—____—_—_——— _ 1.2 volts —--—_—_ 
Max. Avg. Forward Voltage Drop 

(15 amps d-c single phase, T; = 150°C) << 0.75 volts ——--—_——> 
Max. Reverse Current at Rated D-C Reverse 

Voltage (T,;= 25°C) —<——_—_——. 1.0 ma —_—___—___—> 
Max. Full Load Reverse Current (full cycle avg., 

single phase) 10 9 8 6 5 4.5 4.0 ma 
Typical Thermal Resistance (junction to stud) <_< 1.5°C/watt —— 
Operating Junction Temperature Range ~—_———_ — 65°C to +. 175°C ————> 
Storage Temperature Range ~<+——_ — 65°C to +175°C —————>- 
Maximum Stud Torque ——_——__——— 25 in.-lbs —-——_- 


NOTE: 1N3208-1N3214 or 1N3208R-1N3214R are available when desired and are identical to A40F-A40M or A41F-A41M respectively, except that 
hex size will be 11/16” across the flats on the 1N3208 series. 
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INSTANTANEOUS LEAKAGE CURRENT-MA 


MAXIMUM ALLOWABLE STUD TEMPERATURE -°C 


180 
175 


170 


- 
—_ 


e 


160 


al 
/ 
= 


140 


130 


120 


0 


° 4 8 l2 16 20 24 
AVERAGE FORWARD CURRENT- AMPERES 


1, SINGLE PHASE AND THREE PHASE CURRENT RATING 
AS A FUNCTION OF STUD TEMPERATURE 


INSTANTANEOUS REVERSE VOLTAGE - VOLTS 


3. TYPICAL REVERSE CHARACTERISTICS (1, = 175°C) 


231 


INSTANTANEOUS FORWARD CURRENT - AMPERES 
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Silicon 1N3260-73,R 
Rectifiers 


2 


General Electric now offers 160 ampere silicon rectifier diodes of the EIA Types 
1N3260 through 1N3273. 


This product features: 

¢ Choice of stud anode or stud cathode types 
e Thermal fatigue resistant 

e Low reverse current 
e 
e 


Great uniformity of product a ee 
High surge current capabilities ee o) caoMIUM PLATED 


Ya-16 NUT AND ONE 
STEEL CADMIUM 
INTERNAL TOOTH 
LOCKWASHER SUP- 
PLIED WITH EACH 
UNIT. 


RATINGS AND SPECIFICATIONS:!!) 
1N3260 1N3261 1N3262 1N3263 1N3264 1N3265 1N3266 1N3267 1N3268 1N3269 1N3270 1N3271 1N3272 1N3273 


*Maximum Allowable Repeti- 
tive Peak Reverse Voltage, 


Varm(rep) 50 100 150 200 250 300 350 400 500 600 700 800 900 1000 
*Maximum Allowable DC 
Blocking Voltage, Vx 40 80 120 160 200 240 280 320 400 480 560 640 720 800 


*Maximum Allowable Average 

Forward Current, I, (AV) (single 

phase, 125°C case 

temperature) << _—__—__ 160 amperes ———— 
*Maximum Allowable Peak 

One-Cycle Surge Current, 

Inpsm(surge) (60 cps single- 


phase basis, non-repetitive) <_——_— 2000 amperes 
Minimum [’t Rating 
(non-repetitive) ——_——__—______—._ 8, 250 amperes” seconds (see Chart 7) —————~———_ 


*Maximum Peak Forward 

Voltage Drop, Vim (Ir= 160 

amps DC, Tc=125°C) 16 v0lts 
*Maximum Full Load Reverse 

Current, Inuv (full-cycle 

average, 125°C case tem- 


perature, single phase) ——. 12 milliamperes —————_ ,-, 

*Maximum Thermal Resist- 
ance, Ros; (junction to case) °C /watt Or 
*Storage Temperature, Tatz <———— 65°C to 175° CO 
*Operating Temperature, Ty 55°C to 4190°C 
Stud Torque“”—Maximum —_—— 1325 inch-pounds (375 kg-em)  ——_——— 
—Minimum —<—— >. 275 inch-pounds (3820 kg-cem) ——* 


NOTES: “Models listed are stud cathode (forward polarity) types. Order 1N32__R for stud anode (reverse polarity) 
types. Ratings and specifications are for frequencies from 50 up to 400 cycles/second, except where noted 
differently. 

Rating assumes a rectifier diode heat sink dissipation of 2.0°C/watt, or less. 
“Rating assumes a rectifier diode heat sink dissipation of 1.0°C/watt, or less. 
“Use of a silicone grease (G-E #G623) between the rectifier base and heat sink is recommended. 


*Indicates JEDEC Registration Parameters. 
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MAXIMUM ALLOWABLE CASE TEMPERATURE - °C 
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Silicon 
Rectifiers 


1N3289-96,R 
A70S,A70T 
ATIS,A7T1T 


The {N3289-1N3296 Series is the ultimate in today’s High Current Silicon Rectifier field. By taking full 
advantage of the most advanced semiconductor component manufacturing techniques, General Electric 
now offers the industry’s first double diffused, all hard solder 100-ampere rectifier in PRV ratings up to 
1,200 volts. As a result, circuit designers now receive: 


Features: 


OIRECTION OF EASY CONVENTIONAL CURRENT FLOW 


© Freedom from Thermal Fatigue Failure 


* Higher Surge Current Capabilities 
e NEMA Overload Ratings 


e Forward and Reverse Polarities 


~ 85 


RATINGS AND SPECIFICATIONS 


1N3289 1N3290 1N3291  1N3292 1N3293 A70S = 1N3294 
Maximum Allowable Transient Peak Reverse 1N3289R 1N3290R 1N3291R 1N3292R 1N3293R A71S  1N3294R 
Voltage (non-recurrent, 5 millisecond maximum 
duration) 300 400 525 650 800 925 1050 
Maximum Allowable Repetitive Peak Reverse 
Voltage, Vru (rep) 200 300 400 500 600 700 800 
Maximum Allowable RMS Reverse Voltage 140 210 280 350 420 490 560 
Maximum Allowable DC Blocking Voltage** 200 300 400 500 600 700 800 


Maximum Allowable Average Forward Current 
(single phase, 180°C stud temperature) 


Maximuin Allowable Peak One-Cycle Surge 


eens IN) amps ———————— 


Current (60 cps single-phase basis, non-recurrent) <—————_———————————————_ 1600 amperes 


Minimum I*t Rating (non-recurrent) 


Maximum Full Load Voltage Drop (full-cycle 
average, 130°C stud temperature, 100 
amperes average single phase) 


Maximum Full Load Reverse Current (full-cycle 


average, 130° stud temperature, single phase) 9.0 9.0 8.0 6.5 6.0 5.5 


Maximum Thermal Resistance (junction to stud) 
Storage and Junction Operating Temperature 
Max. Stud Torque*** 

Min. Stud Torque 

Weight 


NOTES: 


+ “R” indicates reverse polarity 

* Rating assumes rectifier cell heat sink of less than 3°C/watt. 

** Rating assumes rectifier cell heat sink of less than 1.5°C/watt. 

*** Use of silicone grease between rectifier base and heat sink is recommended. 


—————————- 4100 amperes’-seconds (See Curve 8) —————=——> 


A 0.6 V0 KL 


A7OT  1N3295 - 1N3296 
A717 —- 1N3295R —-1N3296R 

1175 1300 1500 volts 
900 1000 1200 volts 
630 700 840 volts 
900 1000 1200 volts 
5.5 4.5 3.5 ma 


oe DC = 0.4°C/w; 1¢ & 3¢ = .55°C/W; 6 = .72°C/W 
40°C to 2009 Creer 
Qe ee 100 LO-n 120 EK oD) O_O 
9) Lb-in (105 Ke-cm) 


f= Approximately 214 ounces ——————p> 


Non-recurrent voltage and current ratings, as contrasted to repetitive ratings, are ratings which apply for occasional or unpredicable overloads. For 


example, the forward surge current ratings are non-recurrent ratings that are used in fault coordination design work. 
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INSTANTANEOUS FORWARD CURRENT-AMPERES 


FORWARD POWER DISSIPATION-WATTS 


DIODE SPECIFICATIONS 
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1N3289-96, R_| A7OS, A70T A71S, A71T 


INSTALLATION INSTRUCTIONS 


jh 
‘i. 
l"} 


8 
Following these installation instructions will result in a diode-te-heatsink thermal resistance of 10°C /watt. r + 
1. Be sure mounting surface is clean and flat at (.001 inch/inch). 
2. Mounting hole diameter should not exceed rectifier stud OD by more than 4s’ and should be deburred. 7 
3. Use Burndy’s “Penetrox A” or equivalent on mounting surfaces which come in contact with the 
heatsink. 
4. Use suitable hardware. (Nut and split lackwasher are supplied.) 
5. Tighten aut with @ torque wrench, to 100 inch-pounds, 6 
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7. MAXIMUM SURGE CURRENT AT RATED LOAD CONDITIONS 
(Non-Recurrent) T; = —40°C to + 200°C 
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160G 


i200 


FORWARD SURGE CURRENT-AMPERES RMS 


at z 3 4 5 6 Tv 8 3 10 
PULSE TIME - MILLISECONDS 


8. MAXIMUM SURGE CURRENT FOR SUB-CYCLE PULSESAT RATED LOAD CONDITIONS 
(Non-Recurrent) T; = —40°C to +200°C 
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PER CENT OUTPUT CURRENT 


TIME IN SECONDS 


6. JUNCTION TO CASE TRANSIENT THERMAL IMPEDANCE 


RECURRENT OVERLOAD RATINGS 
FOR DIODES MOUNTED ON 7 x7 x 1/4" COPPER FIN {(E = 0.9) 


° 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 
COOLING AIR VELOCITY -FT/MIN 


STEADY-STATE THERMAL RESISTANCE, JUNCTION TO AMBIENT 
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69 80 600 
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RECURRENT OVERLOAD CURVE MEETING NEMA STANDARDS FOR 
“General Purpose Rectifier Equipments Under 100 KW” AT 40°C AMBIENT 


Germanium 
Diodes 


The General Electric 1N3712 through 1N3720 and 1N3713 through 1N3721 are ; Cf = 
Germanium Tunnel Diodes offering peak currents of 1.0, 2.2, 4.7, 10, and 22 ma. 


These devices, which make use of the quantum mechanical tunneling phenom- FEATURES: 

enon te obtain a negative conductance characteristic, are designed for low level . ate 
switching and small signal applications at very high frequencies. All 1N3713- D> Vrs Specified for more accurate designing 
1N3721 version parameters are closely controlled for use in critical applications of load lines 

such as level detection, frequency converters, etc. These devices are housed in & Low capacitance 

General Electric’s new hermetically sealed subminiature axial package. b> Fast speed 


AXIAL DIODE OUTLINE 


IN3712 1N3714 1N3716 1N3718 1N3720 


IN3713 1N3715 1N3717 1N3719 IN3721 
Forward Current* 5 10 25 50 100 ma "a 085 
: ‘MAX 
Reverse Current* 10 20 50 50. 100. ma | | 4 
Storage Temperature <— -55 to +100 ———__-» °C a 
020 020 
we we ° +.002 + 002 
Lead Temperature 4” + \, ————_ 260 ———-- > Cc -.001] 1.000 lOOMAX 100 -.001 
from case for 10 seconds MIN. . , MIN. 
*Derate maximum currents 1% per °C ambient temperature above 25°C. ALL DIMENSIONS IN INCHES. 


DIMENSIONS ARE REFERENCE UNLESS TOLERANCED. 


Us 
1 
| 
SLOPE=-6 ‘ 
! | 
i) 
I 
7 
| | 
‘ Vv Rs ! 
EQUIVALENT CIRCUIT 
TYPICAL STATIC (BIASED IN NEGATIVE 
CHARACTERISTIC CURVE CONDUCTANCE REGION) 
POSITIVE NEGATIVE 
ELECTRODE ELECTRODE 


TUNNEL DIODE SYMBOL 
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1N3712-21 


electrical characteristics: 


IN3712 IN3713 IN3714 IN3715 
STATIC CHARACTERISTICS Min. Typ. Max. Min, Typ. Max. Min. Typ. Max. Min. Typ. Max. 
Peak Point Current I; 0.9 1.0 1.1 0.975 1.000 1.025 2.0 2.2 24 215 2.20 2.25 
Valley Point Current I 0.12 018 075 095  .140 0.29 «40.48 165 .210 310 
Peak Point Voltage Vp 65 58 65 72 65 58 65 72 
Valley Point Voltage Vy 350 815 355 395 350 315 355 395 
Reverse Voltage (In = I. typ.) Vi 40 20 40 40 20 40 
Forward Voltage (I+ = Ip typ.) Vee 500 475 510 535 500 475 510 535 
» (Ip = .25 Ip typ.) — Vex*® 410 450 410 450 
DYNAMIC CHARACTERISTICS 
Total Series Inductance Ls 0.5 0.5 0.5 0.5 
Total Series Resistance Rx 1.5 4.0_ 1.7 4.0 1.0 3.0 Ll 3.0 
® Valley Point Terminal Capacitance: Cc 5 10 3.5 5.0 10 25 7.0 10.0 
Max. Negative Terminal Conductance -G 8 7.5 8.5 9.5 18 16 19 22 
Resistive Cutoff Frequency Lin 2.3 3.2 2.2 3.0 
Self-Resonant Frequency Lx6 3.2 3.8 2.2 2.7 
Frequency of Oscillation Fice®* 3.2 3.8 2.2 2.7 
> Rise Time ter 1.7 L6 


*Vix is defined as the value of forward voltage at a forward current of one quarter the typical peak current. 
**The frequency of oscillation (under short circuit conditions) for steady state large signal sinusoidal oscillation is given by 
equation (3) which is the maximum frequency attainable without capacitance compensation. 


de aes ‘ : Ver — Ve 
***Switching speed with constant current drive. tr ~ Ea Cc 


IpNORMALIZED TO 25°C VALUE 
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1N3712-21 


1N3716 1N3717 1N3718 IN3719 IN3720 1N3721 
Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 
4.2 4.7 5.2 4.58 4.70 4.82 9.0 10.0 11.0 9.75 10.00 10.25 20 22 24 21.5 22 22.5 ma 
0.60 1.04 1350 45 .60 1.3 2.2 75 95 1.40 2.9 48 1.65 2.10 3.10 ma 
65 58 65 72 65 58 65 72 65 58 65 72 mv 
350 315 355 395 350 315 355 395 350 315 355 395 mv 
40 20 40 40 20 40 40 20 40 mv 
500 475 510 535 500 475 510 535 500 475 510 575 mv 
410 450 410 450 410 450 
0.5 0.5 0.5 0.5 0.5 0.5 nh = 
50 2.0 52 2.0 30 1.5 36 1.5 20 1.0 22 1.0 ohms 
25 50 13 25 50 90 27 50 90 150 55 100 pf 
40 36 41 46 80 75 85 95 180 160 190 220 10-3 mho 
1.8 3.4 1.6 2.8 1.6 2.6 KMC 
1.4 1.9 -97 1.3 67 78 KMC 
1.4 2.0 1.0 1.4 74 95 KMC 
1.4 1.3 1.2 nsec 
Pes ae ae Gy tee a(t? Oy Gaede ne -(E} (3) 
27C IRs|g| 27 |l,c' C © 27 VY Lge L 
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TEMPERATURE CHARACTERISTICS 
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CAPACITANCE 
VERSUS 
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C NORMALIZED TO 350mv VALUE 
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Vp .Vy .Vep »VR AND Ty NORMALIZED TO 25°C VALUE 
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1N3712-21 


TYPICAL 
HARACTERISTIC CURVE 
SHOWING G AND IT AS 
A FUNCTION OF V 
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High Power 


Silicon (1N3735-44 | 
Rectifier | A190. 
1500 Volts 250A Avg. 


The A190 (1N3735 Series) is General Electric’s highly reliable, all-diffused 
Pic-Pac* 250 ampere silicon rectifier diode. 


This series of rectifier diodes is particularly suited to a wide range of indus- 
trial applications, expecially those requiring high performance rectifiers. 


FEATURES: TYPICAL APPLICATIONS: 
¢ Thermal Fatigue Resistant Pic-Pac* e Transportation Equipment 
Construction e DC Motor Control 
Cathode Strain Buffer e DC Power Supplies 
Soft Recovery e Battery Vehicles 


1500 Voit VRRM 
Rugged Hermetic Package 


MAXIMUM ALLOWABLE RATINGS AND SPECIFICATIONS 


REPETITIVE PEAK! NON-REPETITIVE2 3 REPETITIVE PEAK 
? REVERSE VOLTAGE PEAK REVERSE DC REVERSE REVERSE CURRENT 
TYPES ae VOLTAGE, Vasm VOLTAGE, VR InnM @ Vea 


Ts = -40°C to +200°C | Ty = 25°C to +200°C | Ty = -40°C to +200°C Ty = 200°C 


A190A 1N3735 100 Voits 200 Volts 100 Volts 100 Volts 
A190B 1N3736 300 300 
AL90C 1N3737 400 300 
A190D 1N3738 525 400 
AIL90E 1N3739 650 500 
AI90M 1N3740 800 600 
A190S = 925 700 
A190N 1N3741 1050 800 
A190T —- 1175 900 
A190P 1N3742 1300 1000 
A190PA — 1400 1100 
A190PB =. 1N3743 1500 1200 
A190PC - 1600 1300 
A190PD —=_1N3744 1700 1400 
A1L90PE - 1800 1800 


*Models listed are stud cathode (forward polarity) types. Specify A190R-for stud anode (reverse polarity) types. Ratings and specifications 
are for frequencies from 50 to 400 Hz, except where noted otherwise. 


Average Forward Current, Ip¢avy (Tc = +144°C, Single-Phase, Half Sine Wave) ..............-0-000- 250 Amperes 
Peak One-Cycle Surge (Non-Repetitive), Forward Current, Ipgq .--- 00 ee cee eee eee eee 6500 Amperes 
Minimum I?t Rating (See Curve 4), t > 1 msec. (Non-Repetitive)...............-. 55,000 (RMS Ampere)? Seconds 
Peak Forward Voltage Drop, Vpy (Tc = +144°C, Ip~avy = 250 Amps. Average, 785 Amps. Peak) .......... 1.3 Volts 
Thermal Resistance, Rgjc (DC)... ce cece en ee eee been ebeenennas 0.18°C/Watt 

1p & 3¢ (50 to 400 Hz)... cee ec ete nnae 0.24°C/Watt 

66 (50 to 400 Hz)... 6. cee eee eee eens 0.30°C/Watt 
Storage Temperature, Teg 2... cc cee ew ee ee ee eee been eabadeeveeenbaenaaba -40°C to +200°C 
Operating Junction Temperature, Ty .. 2.02... ec eee eee eens -40°C to +200°C 
Stud Torque (See Mounting Guide) ........ 0.00000. ccc ccc eee eee e es 275 Lb-in (Min.), 325 Lb-in (Max.) 
NOTES: 31 N-m (Min.), 36.7 N-m (Max.) 


1 Assumes a heatsink thermal resistance of less than 2.0°C/watt. 


2 Non-tepetitive voltage and current ratings, as contrasted to repetitive ratings, apply for occasional or unpredictable. overloads. For 
example, the forward surge current ratings are non-repetitive ratings that are used in fault coordination work. 


3 Assumes a heatsink thermal resistance of less than 1.0°C/watt. 
4 “Pic-Pac” is an acronym for Pressure Internal Contact Package. 94] 
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| aAi90.—sd| DEVICE SPECIFICATIONS 
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INSTANTANEOUS FORWARD CURRENT-AMPERES 


MAXIMUM ALLOWABLE CASE TEMPERATURE — °C 
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INSTANTANEOUS FORWARD VOLTAGE- VOLTS AVERAGE FORWARD CURRENT - AMPERES/CELL 
1. MAXIMUM FORWARD CHARACTERISTICS 2. MAXIMUM CASE TEMPERATURE VS. 
AVERAGE FORWARD CURRENT 
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FORWARD POWER DISS!PATION-WATTS 
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PEAK SURGE CURRENT 
AMPERES «x [000 


10 20 50 100 200 ~—~«§00 i000 \ 5 2 3 ‘ 3 6 7 8 8 0 
AVERAGE FORWARD CURRENT-AMPERES PULSE WIDTH-MILLISECONDS 
3. AVERAGE FORWARD POWER DISSIPATION 4. SUB-CYCLE SURGE FORWARD CURRENT 
VS. AVERAGE FORWARD CURRENT AND It RATING VS. PULSE TIME 


FOLLOWING RATED LOAD CONDITIONS 
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5. TRANSIENT THERMAL IMPEDANCE — 
JUNCTION-TO-CASE 
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TRANSIENT THERMAL IMPEDANCE — °C/W 


AVERAGE FORWARD CURRENT-AMPERES 


SURGE CURRENT - AMPERES 
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-DEVICE SPECIFICATIONS | 1N3735-44 | 
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CYCLES @ 60 Hz 


6. MAXIMUM SURGE CURRENT FOLLOWING 
RATED LOAD CONDITIONS 


MAXIMUM CIRCUIT RATINGS 
DEVICE MOUNTED ON A 5" x 5” x 6” ALUMINUM EXTRUSION (GE#15) 


7. TRANSIENT THERMAL IMPEDANCE — 
JUNCTION-TO-AMBIENT 
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8. SINGLE-PHASE, HALF-WAVE FORWARD 
CURRENT VS. AMBIENT TEMPERATURE 
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PER CENT OUTPUT CURRENT 
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AVERAGE FORWARD CURRENT —AMPERES 
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9. THREE-PHASE FORWARD CURRENT 
vs. AMBIENT TEMPERATURE 
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10. SIX-PHASE FORWARD CURRENT 
VS. AMBIENT TEMPERATURE 


AVERAGE FORWARD CURRENT -—AMPERES 
Qa 
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RECURRENT OVERLOAD RATINGS 


Jil ae: 1 
2 5 Lo 20 | 50 10 20 50 {00 200 500 1000 
OVERLOAD TIME - SECONDS 


11. REPETITIVE OVERLOAD CURVE MEETING 
NEMA STANDARDS FOR “‘General Purpose 

Rectifier Equipments Under 100 KW” AT 40°C 

AMBIENT (For Overload Conditions Other Than 
As Shown, Refer To Application Note 200.9) 
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AVERAGE FORWARD CURRENT- AMPERES 


TRANSIENT THERMAL IMPEDANCE -°C/ WATT 
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DEVICE SPECIFICATIONS 


MAXIMUM CIRCUIT RATINGS 
DEVICE MOUNTED ON A7” x 7” x 3/8” ALUMINUM FIN (GE #13) OR A7" x 7” x 1/4” COPPER FIN 


MINIMUM FIN SPACING 1 INCH FINS MOUNTED VERTICALLY OR PARALLEL TO FORCED AIR FLOW 
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14. THREE-PHASE FORWARD CURRENT VS. 15. SIX-PHASE FORWARD CURRENT VS. 
AMBIENT TEMPERATURE AMBIENT TEMPERATURE 


REPETITIVE OVERLOAD RATINGS 
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FOR DIODE MOUNTED ON a 
7X7 3/8 ALUMINUM FIN (GE#13) SIRCU 
OR 7X7X1/4 COPPER FIN SUPE CURRENT. 
400 tt t—++t T & 34. |. 6% 


1 
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Tj FREE CONVECTION 175°C | (63°C | 165°C 
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16. REPETITIVE OVERLOAD CURVE MEETING 

NEMA STANDARDS FOR “General Purpose 
Rectifier Equipments Under 100 KW” AT 40°C 
AMBIENT (For Overload Conditions Other Than 
As Shown, Refer To Application Note 200.9) a 10 10 100 1000 


OVERLOAD TIME~ SECONDS 


PER CENT OUTPUT CURRENT 
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OUTLINE DRAWING 


a 5 TABLE OF DIMENSIONS 
t a H Conversion Table 


N | SEATING PLANE | sym. |_DECIMAL INCHES METRIC MM NOTES 
eM : MIN. MAX. MIN. MAX. | 
| A 1.450 1.550 36.83 39.37 
: am iia) B 500 750} 12.70 19.05 
oe aes 7s Wooly ft c__| 2.300 | 2.500 58.42 63.50 
J —_ D 5.300 5.700 134.62 144.78 
ee Eee ig NULL F 797 827 20.24 21.01 
. Pores te > “| J 665 755 16.89 19.18 
t K 322 | 333 8.17 8.46 
s v L 437 = 11.99 = 
M 325 360 8.25 9.14 ] 
i) ay F [__N 185 170 a 
} [oP 1.060 1.100 26.92 27.94 
a 660_| 749 | 16.76 19.02 
T = 156 = 3.96 3 
MODEL | TERMINAL TERMINAL s 7 1.240 1.250 31.49 3175 | 
1 2 THREAD SIZE NOTES: 
ai00 1. Flexibie Copper Lead. 
FORWARD ANODE CATHODE 3/4 — 16 2. One Nut and One Lockwasher Supplied With Each Unit. Material of 
POLARITY Hardware is Steel, Cad Plated. 
AIQOR 3. “T’ Dimension is Area of Unthreaded Portion. Complete Threads 
REVERSE CATHODE ANODE UNF — 2A are Within 2.5 Threads of Seating Plane. 
POLARITY 4. Angular Orientation of Terminals is Undefined. 


MOUNTING INSTRUCTIONS 


Following these installation instructions will result in a rectifier diode-to-heatsink contact thermal resistance of 0.08°C/watt 


or less. 
Be sure mounting surface is clean and flat within .001 inch/inch. 


2. Mounting hole diameter should not exceed the outside diameter of the rectifier diode stud by more than 1/16 inch, 
and should be deburred. 


3. Use Dow Coming’s DC3, 4, 340 or 640 or GE G322L or equivalent, on mounting surfaces that come in contact with 
the heatsink. 


4. Use only hardware furnished with each rectifier diode. 


Tighten with a torque wrench, from nut side, to 300 lb-in. 
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Silicon [1N3879-83R_| R 
RECTIFIERS 


FAST RECOVERY 


Features: 
© Fast Recovery Time... 200 Nanoseconds Maximum 
® Diffused Construction 


@ For Usein: 


— Inverters — Sonar Power Supplies 
—— Choppers — Ultrasonic Systems 
— Low RF Interference Applications — DC-DC Power Supplies 


— Free-Wheeling Rectifier Applications 


maximum allowable ratings (Resistive or Inductive Load) 
1N3879,R 1N3880,R 1N3881,R 1N3882,R 1N3883,R 


*Maximum Repetitive Peak Reverse Voltage, T, = —65°C to 

+150°C, Va (rep) (Note l).... 0c cee cc cece cee eee 50 100 200 3800 400 Volts 
Maximum RMS Voltage, T; = —65°C to +150°C, V, (Note 1).. 35 70 140 210 280 Volts 
*Maximum DC Blocking Voltage, T; = —65°C to +100°C, Vr 

A DUGBC EN): 6s0y otal Seni ean ita ten aceraee 4 gpecn Oe Mee oe atk Dok ing 50 100 200 300 400 Volts 
*Maximum Average Forward Current, Single Phase, T,. = 

PTOOP CT tess teste tie hone hee hath tld ae Mack Wee deo Pontes 6 Amperes-———_———+ 


*Maximum Peak One Cycle Surge Current, 60 Cycle, Non- 
Recurrent, T; = —65°C to +150°C, Ipy(surge)............ 
*Maximum Peak Ten Cycle Surge Current, 60 Cycle, 


75 Amperes ——-———_—__>- 


Non-Recurrent, T; = —65°C to +150°C, Ip (surge)........ 35 Amperes—————_—+ 
*Maximum Forward Voltage Drop, Ir = 6A DC, Ty = 
Ste LOS Gs Vogels Sore steno ti bot alec kegs head Sa Mave evn haeaby wat ideo Bets oth 1.4 Volts 
*Maximum Reverse Current at Full Load, Single Phase Full-Cycle 
Average, Io = 6 Amp at Te = +100°C, Treavy ear au ahale ae reueca seu 3.0 mA 
*Maximum DC Reverse Current at Rated DC Blocking Voltage, 
Vu, and Te = 4+100°C, Ino. eee cee cece eenens 1.0 mA 
*Maximum DC Reverse Current at Rated DC Blocking Voltage, 
Vr, and Te = +25°C, Tp Be Ee RR OE ERIS OR Rae La var Ed Malte sand eos Dag se wee te 15 pA 
*Junction Operating Temperature Range, T;...............00- +—_——- — 65°C to -+150°C 
*Storage Temperature Range, Tay... cece ee eee eee —65°Cto 175°C 
TOUMG. LORGUG™ x heute ansriida cmt ley pemedet wtih gts tien cals, Sogtere. cn thay aed ———— 15 in-lbs. Maximum————> 
*Maximum Reverse Recovery Characteristics: (See figure below) 
Recovery Time, ty; eo scc0 gees bb erga wo vccuu pebd aetna es +~—-200 Nanoseconds Maximum——~ 
Peak Recovery Current, Ip (recovery) (Note 2)....... akaene fuera 2.0 Amperes Maximum——> 


*The asterisk denotes JEDEC (EIA) registered information. 


test conditions 
These rectifiers are factory tested to reverse recovery limits which correlate with EIA registered values. This test- 
ing is in accordance with NEMA-EIA recommendations for silicon rectifier diodes and stacks. 
Recovery characteristic test conditions: I}, = 5.0 amps; di/dt = 50 amps/ psec switching rate, and a reverse bias 
of 50% Vx, for 200, 300 and 400 volt grades or. 100% V;, for 50 and 100 volt grades; T,. = 25°C; t,, = 150 nano- 
seconds; and I, (recovery) = 5.0 amperes max. 


—Ig (RECOVERY) — Ip (RECOVERY) 


TYPICAL RECOVERY WAVE FORMS 


TYPICAL RECOVERY WAVE FORMS 
NOTES: 


1, Rating assumes rectifier heatsink =6°C/W at max. T;. 2. Some manufacturers call this Overshoot Current and use the symbol Tus. 
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1N3879-83, R : 


T eave) "AVERAGE FORWARD CURRENT~(tr(ave)- AMPS 


° 
-65 -45 50 70 90 10 130 150 170 
Tg-CASE TEMPERATUREAT.)— °C 


1. Forward Current Rating vs. Case Temperature 


NOTE: Case temperature is measured at the center of any flat on the hex base. 


OUTLINE DRAWING 
INSULATING HARDWARE Se ep ae 


KIT * DIRECTION OF EASY CONVENTIONAL 
CURRENT FLOW 


DO @® 
© ® 
@ A 
@ 4 
= © CCUG BUATED ANODE 
@® LOCKWASHER, F 
078 O80 R CADMIUM PLATED 
DIA. STEEL N A E 
C) COPPER TERMINAL, OI6 
THICK, TIN PLATED J 
@) BRASS WASHER,.035 THICK COMPLIES WITH 
NICKEL PLATED EIA REGISTERED OUTLINE DO-4 


(©) MICA WASHERS, TWO, .625 
0.0., .204 1.D., 005 THICK 


(@) TEFLON WASHER,.270 O.D. 
.204 1.D.,.050 THICK 


*® AVAILABLE UPON REQUEST 


NOTES: 


J. Angular orientation of this terminal is undefined. 


2. 10-32 UNF-2A. Maximum pitch diameter of plated threads shall be basic 
pitch diameter (.1697”, 4.29 MM) Ref. (Screw thread standards for Federal 
Services 1957) Handbook H28 1957 Pt. 
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Silicon . IN3889-93.R 
Rectifiers 


FAST RECOVERY 


Features: 

@ Fast Recovery Time... 200 Nanoseconds Maximum 
@ Diffused Construction 

® For Use in: 


— Inverters — Sonar Power Supplies 
-— Choppers —~ Ultrasonic Systems 
— Low RF Interference Applications — DC-DC Power Supplies 


— Free-Wheeling Rectifier Applications 
maximum allowable ratin QS _ (Resistive or Inductive Load) 
1N3889,R 1N3890,R 1N3891,R 1N3892,R 1N3893,R 


*Maximum Repetitive Peak Reverse Voltage, T; = —65°C to 
+150°C, Vax (rep) (Note l1)......... 0.00. 50 100 200 300 400 Volts 
Maximum RMS Voltage, T; = —65°C to +150°C, V, (Note 1).. 35 70 140 210 280 Volts 
*Maximum DC Blocking Voltage, T; = —65°C to +-100°C, Vx 
CNotesk)” 2: tea55 yi pital at Raae woes Des bade ass, Me bs ataerad eae 50 100 200 300 400 Volts 
*Maximum Average Forward Current, Single Phase, 
ie SE TOO 8 Cie uses teats cic eds su eke atts ee he WEE a ced ——____-——12 Amperes ———--__> 


*Maximum Peak One Cycle Surge Current, 60 Cycle, Non- 
Recurrent, T; = —65°C to +150°C, Ivy (surge)............ 

*Maximum Peak Ten Cycle Surge Current, 60 cycle, Non- 
Recurrent, T; = —65°C to +150°C, Ipy (surge)............ 


150 Amperes ———_——_> 


70 Amperes ————_———> 


*Maximum Forward Voltage Drop, Ir = 12 ADC, T, = +25°C, V; 1.4 Volts 
*Maximum Reverse Current at Full Load, Single Phase Full-Cyle 
Average, I, = 12 Amp. at T. = +100°C, Inayy......------ 5.0 mA 
*Maximum DC Reverse Current at Rated DC Blocking Voltage, 
Vay and To = +100°C, Ir erie ronsytnel Guarantee abe seg 6 tect cas ap ses eis ee fa eee se igh eats 3.0 mA 
*Maximum DC Reverse Current at Rated DC Blocking Voltage, 
Var and Te = 25°C, Ties cia vk oe edie ae bbin s weed Ge ew eng bene 25 pA 
*Junction Operating Temperature Range, T,;................. 65°C to +150°C 
*Storage Temperature Range, Tug... 22. ee cee eee 65°C to +175°C——_—- 
"Stud: Porque < ¢ fund aides eyecare: Ma RAG Sh esa bak RS lw eked —_—-—_— 15 in-Ibs. Maximum———_—+> 
*Maximum Reverse Recovery Characteristics: 
(See figure below) Recovery Time, ty..........0cccc ee euae ~—-200 Nanoseconds Maximum——~ 
Peak Recovery Current, I, (recovery) (Note 2).............. 2.0 Amperes Maximum————+ 


*The asterisk denotes JEDEC (EIA) registered information. 


test conditions 
These rectifiers are factory tested to reverse recovery limits which correlate with EIA registered values. This test- 
ing is in accordance with NEMA-EIA recommendations for silicon rectifier diodes and stacks. 


Recovery characteristic test conditions: Ip, = 5.0 amps; di/dt = 50 amps/ysec switching rate, and a reverse bias 
of 50% Vp for 200, 300 and 400 volt grades or 100% Vy, for 50 and 100 volt grades; T.. = 25°C; t,, = 150 nano- 
seconds; and I, (recovery) = 5.0 amperes max. 


Ip 


—Ip (RECOVERY) — Ip (RECOVERY) 


TYPICAL RECOVERY WAVE FORMS 
TYPICAL RECOVERY WAVE FORMS 
NOTES: 


1. Rating assumes rectifier heatsink =6°C/W at max. T;. 2. Some manufacturers call this Overshoot Current and use the symbol Ios. 
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1. Forward Current Rating vs. Case Temperature 


NOTE: Case temperature is measured at the center of any flat on the hex base. 


OUTLINE DRAWING 


DIRECTION OF EASY CONVENTIONAL 
CURRENT FLOW 


INSULATING HARDWARE 10-32 
KIT # UNF-2A 
oO ® ® O ®@ 
| @ | @ 10-32 STEEL NUT 
(3) CADMIUM PLATED 
|i @ LOCKWASHER, E 
CADMIUM PLATED 
078 080 R URES 
DIA. Io 
COMPLIES WITH 
COPPER TERMINAL,O 
eee ena aoe EIA REGISTERED OUTLINE DO-4 


@) BRASS WASHER,.035 THICK 
NICKEL PLATED 


@ MICA WASHERS, TWO, .625 
O0.D., .204 1.D., 005 THICK 


(@) TEFLON WASHER,.270 0.D. 
.204 1.0.,. 050 THICK 


#* AVAILABLE UPON REQUEST 


aca? 


Ae 


A 
D 
E 
F 
J 
m 
N 
t 
WwW 


NOTES: 
1. Angular orientation of this terminal is undefined. 


2. 10-32 UNF-2A. Maximum pitch diameter of plated threads shall be basic 
pitch diameter (.1697", 4.29 MM) Ref. (Screw thread standards for Federal 
Services 1957) Handbook H28 1957 P1. 
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Silicon 1N3899-3903.R 
Diodes 


Features: 
e Fast Recovery Time—200 Nanoseconds Maximum 


@ Recovery Characteristics match the High Frequency capability of the new 
eee sme High Speed SCR’s such as the C140 and 141, the C155 
an 


© For Usein: 


— Inverters — Sonar Power Supplies 
— Choppers — Ultrasonic Systems 
— Low RF Interference Applications — DC-DC Power Supplies 


— Free-Wheeling Rectifier Applications 


maximum allowable ratings (Resistive or Inductive Load) 


1N3899,R 1N3900,R 1N3901,R 1N3902,R 1N3903,R 


*Maximum Repetitive Peak Reverse Voltage, T; = —65°C to 

+150°C, View (rep) (Note 1)... ccc cece ccc cece eee nece 50 100 200 300 400 Volts 

Maximum RMS Voltage, T; = —65°C to +150°C, V,.......... 35 70 140 210 280 Volts 

*Maximum DC Blocking Voltage, T, - —65°C to +100°C, Vi; 

CNObe 1), sche rae ia tanetg, Cais dee det nal asag badeiaatieae toed 50 100 200 300 400 Volts 
*Maximum Average Forward Current, Single Phase, T. = 

OO! CF, MiG Baivectes avec hated Seta itas! arbtatteit, omer Te ted sweet ened Gach 20 Amperes —————___ 
*Maximum Peak One Cycle Surge Current, 60 cycle, Non- 

Recurrent, T; = —65°C to +150°C, Ipy (surge)........... 225 Amperes ———————~> | 
*Maximum Peak Ten Cycle Surge Current, 60 cycle, Non- | 

Recurrent, T; = —65°C to +150°C, Ipy (surge)............ 120 Amperes —_—_--—__- 


*Maximum Forward Voltage Drop, Ip = 20 ADC, T,; = +.25°C, Vr 


*Maximum Reverse Current at Full Load, Single Phase Full- 
Cycle Average, In = 20 Amp. at Te = +100°C, Inayy...-- ee. 10.0 mA 


1.4 Volts 


Maximum Effective Thermal Resistance (Junction to Case), yc 1.5° C/W 
*Maximum DC Reverse Current at Rated DC Blocking Voltage, 
Va and Teo = +100°C, Tr Ce OY 6.0 mA —- 
*Maximum DC Reverse Current at Rated DC Blocking Voltage, 
Vegan Pe FE 2B 2 Cy Dyes ce eee ss Gueck ab aeal ba ae ee bebe —_—_———— 50 pA 
*Junction Operating Temperature Range, T;................. —_——. —-65°C to +150°C 
*Storage Temperature Range, Tay... ee eee ——_- — 65°C to +175°C 
PS CU POLQUG. 60: elon face ateragit xcs es bulesantenued wedlen Qbtiee tle aad eae —_§§— 30 in-lbs. Maximum ————+ 
*Maximum Reverse Recovery Characteristics : ; 
Recovery Time (Note 2), ty ..... 0. cee cee eee eee eee eevens +— 200 Nanoseconds Maximum——> 
Peak Recovery Current (Note 2), In (recovery) : 
(or Overshoot Current, Iog) 0.0... ccc ce eee cee cece eues 3.0 Amperes Maximum ———+ 


*The asterisk denotes JEDEC (EIA) registered information. 


NOTES: 

1. The ratings assume the rectifier heatsink thermal resistance to be 6°C/W or less at maximum junction temperature. 

2. These rectifiers are factory tested to reverse recovery limits which correlate with EIA registered values. This testing is in accord- 
ance with NEMA-EIA recommendations for silicon rectifier diodes and stacks. 
Recovery characteristic test conditions: Inu — 5.0 amps; di/dt == 50 amps/usec switching rate, and a reverse bias of 50% Vx for 
200, 300 and 400 volt grades or 100% Vr for 50 and 100 volt grades; Tc = 25°C; t.+ = 150 nanoseconds; and Ir (recovery) = 
6.0 amperes max. 
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1. Forward Current Rating vs. Case Temperature 


Note: Case temperature, Tc, is measured at center of any flat on hex base. 


OUTLINE DRAWING 
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NOTES: 

|.COMPLETE THREADS TO EXTEND TO WITHIN 2-1/2 
THREADS OF SEATING PLANE. 

2. ANGULAR ORIENTATION OF TERMINAL IS UNDEFINED. 

3.1/4-28 UNF- 2A, MAXIMUM PITCH DIAMETER OF PLATED 
THREADS SHALL BE BASIC PITCH DIAMETER (.2268', 5.74 MM) 
REF. (SCREW THREAD STANDARDS FOR FEDERAL SERVICES 
1957) HANDBOOK H28 {957 P1. 

4. MINIMUM FLAT. 

EIA-NEMA STANDARD OUTLINE, NEMA SK-51- EIA RS~-24l. 

INSULATING HARDWARE IS AVAILABLE UPON REQUEST. 


COMPLIES WITH EIA REGISTERED OUTLINE DO-5 


Fast Recovery 1N3909-13,R 
Rectifiers 


Features: 
@ Fast Recovery Time—200 Nanoseconds Maximum 


@ Recovery Characteristics match the High Frequency capability of the new 
General Electric High Speed SCR’s such as the C140 and 141, the C155 
and C185 


@ For Usein: 


— Inverters — Sonar Power Supplies 
— Choppers — Ultrasonic Systems _ 
— Low RF Interference Applications — DC-DC Power Supplies 


~~ Free-Wheeling Rectifier Applications 


maximum allowable ratings (Resistive or Inductive Load) 


1N3909,R 1N3910,R IN3911,R 1N3912,R 1N3913,R 


*Maximum Repetitive Peak Reverse Voltage, T; = —65°C to 
+150°C, Vin (rep) (Note 1)... 0... ccc ce eee eee 50 100 200 300 400 Volts 
Maximum RMS Voltage, T; = —65°C to +150°C, V,.......... 35 70 140 210 280 Volts 

*Maximum DC Blocking Voltage, T; = —65°C to +100°C, Vx 
CNoten Ts waite cen ac tess Ste end Palo is Hata gh nate Sas 50 100 200 300 400 Volts 


*Maximum Average Forward Current, Single Phase, 
To = +100°C, Io i 


*Maximum Peak One Cycle Surge Current, 60 cycle, Non- 
Recurrent, T; = —65°C to +150°C, In, (Surge)............ 
*Maximum Peak Ten Cycle Surge Current, 60 cycle, Non- 
Recurrent, T; = —65°C to + 150°C, Ip, (surge)............ 160 Amperes ——-——_——> 
*Maximum Forward Voltage Drop, I» = 30 ADC, T. = +25°C, Vy 1.4 Volts 
*Maximum Reverse Current at Full Load, Single Phase Full-Cycle 
Average, I, = 80 Amp. at To. = +100°C, Inayy. eee eee eee 15.0 mA 


30 Amperes ——————> 


300 Amperes ——————> 


Maximum Effective Thermal Resistance (Junction to Case), 64.c 1.0° C/W 
*Maximum DC Reverse Current at Rated DC Blocking Voltage, 
Va, and Te = +100°C, Ip... cee ee eter ene eee 10.0 mA 
*Maximum DC Reverse Current at Rated DC Blocking Voltage, 
BY arriar: 5 6X6 bad Broken 71> fal @ al se ee Pe tree tO 80 pA 
*Junction Operating Temperature Range, Ty...............055 ——— — 65°C to +150°C 
*Storage Temperature Range, Tye... eee —§__—. — 65°C to +175°C ————+ 
*Stiid Torque -s dace ake beats otek awk oakley ewes wean wee —— 30 in-lbs. Maximum —————+ 
*Maximum Reverse Recovery Characteristics : 
Recovery Time (Note 2), ty 2.0... . 0c cc eee eee +—200 Nanoseconds Maximum ——- 


Peak Recovery Current (Note 2), I, (recovery) (or Overshoot 


Current; Toys) soso keacke setae cere sn aha aides wlavacbeg Pees Pare weer’ 3.0 Amperes Maximum ———~ 


*The asterisk denotes JEDEC (EIA) registered information. 


NOTES: 
1. The ratings assume the rectifier heatsink thermal resistance to be 6°C/W or less at maximum junction temperature. 


2. These rectifiers are factory tested to reverse recovery limits which correlate with EIA registered values. This testing is in accord- 
ance with NEMA-EIA recommendations for silicon rectifier diodes and stacks. 
Recovery characteristic test conditions: Irxy = 5.0 amps; di/dt = 50 amps/usec switching rate, and a reverse bias of 50% Vx for 
200, 300 and 400 volt grades or 100% Vr for 50 and 100 volt grades; Tc = 25°C; t., = 150 nanoseconds; and Ix (recovery) — 
6.0 amperes max. 
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1. Forward Current Rating vs. Case Temperature 


Note: Case temperature, Tv, is measured at center of any flat on hex base. 


INCHES MILLIMETERS 
MIN. | MAX. | MIN, 


OUTLINE DRAWING 


OIRECTION OF FOWARD CURRENT FLOW: 
—}+— FORWARD POLARITY 
——-— REVERSE POLARITY 


TERM. | 


NOTES: 


|.COMPLETE THREADS TO EXTEND TO WITHIN 2-1/2 
THREADS OF SEATING PLANE. 


2. ANGULAR ORIENTATION OF TERMINAL IS UNDEFINED. 


3.1/4-28 UNF- 2A. MAXIMUM PITCH DIAMETER OF PLATED 
THREADS SHALL BE BASIC PITCH DIAMETER (.2268', 5.74 MM) 


REF. (SCREW THREAD STANDARDS FOR FEDERAL SERVICES 


1957) HANDBOOK H28 1957 PI. 
4. MINIMUM FLAT. 


EIA-NEMA STANDARD OUTLINE, NEMA SK-5!- EIA RS~241. 


INSULATING HARDWARE 1S AVAILABLE UPON REQUEST. 


COMPLIES WITH EIA REGISTERED OUTLINE DO-5 
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Silicon [1N4044-56R | 
RECTIFIERS 


The A190 (1N3735) Series is General Electric’s highly reliable, all-diffused Pic Pac 
250 ampere silicon rectifier diode. 


The proven benefits of G. E.’s high current rectifier diodes are: 


Choice of stud anode or stud cathode types 
Thermal fatigue resistant 

Low reverse current 

Great uniformity of product 

Higher surge current capabilities 


RATINGS AND SPECIFICATIONS: 


1N4044 1N4045 1N4046 1N4047 1N4048 1N4049 1N4050 1N4051 1N4052 1N4053 1N4054 1N4055 1N4056 
*Maximum Allowable Transient Peak 
Reverse Voltage, Vax (non-rep) 
(non-repetitive, 8.33 millisecond 
half sine wave pulse) ” 100 200 250 300 350 400 525 650 800 925 1050 1175 1300 
*Maximum Allowable Working and 
Repetitive Peak Reverse Voltage, 
Vix (wkg) & Vex (rep), and DC 
Blocking Voltage, Vr“ 50 100 150 200 250 300 400 500 600 #700 800 900 1000 
*Maximum Allowable Average 
Forward Current, I; (AV) (single phase, 
120°C case temperature) eo ee «6 275 amperes ——————————_______.._, 
*Maximum Allowable Peak One-Cycle 
Surge Current, Irs (60 eps 
single-phase basis, non-repetitive) -_—— 5000 amperes —————__-~_________l.,, 
Minimum I’t Rating (non-repetitive) «<——————_—_———_ 50,000 amperes* seconds (see Chart 6) ————-________» 
*Maximum Peak Forward Voltage 
Drop, Vry (Iox=275 amps DC, 
Te=120°C) —_— OOOO. i1:B VOlts ——— _ EEEOe™”E 
*Maximum Full Load Reverse 
Current, Inaw (full-cycle average, 
120°C case temperature, single 


phase) —_—_- 15 milliamperes ——————___-_______ _, 
Maximum Thermal Resistance, R,.,: 
(junction to case) _——  )SOi=*~I8°C/watt ————_ee=E 


*Storage and Junction Operating 
Temperature, T.. -65°C to +190°C ——————_______ "=n 
Stud Torque®—Maximum 25 inch-pounds (375 kg-em) = ——— > 
—Minimum 275 inch-pounds (320 kg-em) ———___—__-___. 


NOTES: “Models listed are stud cathode (forward polarity) types. Order 1N40__R for stud anode (reverse polarity) 
types. Ratings and specifications are for frequencies from 50 up to 400 cycles/second, except where noted 
differently. 

®Non-repetitive voltage and current ratings, as contrasted to repetitive ratings, are ratings which apply for 
occasional or unpredictable overloads. For example, the forward surge current ratings are non-repetitive 
ratings that are used in fault co-ordination work. 

Rating assumes a rectifier diode heat sink dissipation of 2.0°C/watt, or less. 

“Rating assumes a rectifier diode heat sink dissipation of 1.0°C/watt, or less. 

Use of a silicone grease (G-E #G623) between the rectifier base and heat sink is recommended. 


*Indicates JEDEC Registration Parameters. 
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INSTANTANEOUS FORWARD VOLTAGE - VOLTS 


1, MAXIMUM FORWARD CHARACTERISTICS 


VS. AVERAGE FORWARD CURRENT (Tc = 


AVERAGE FORWARD CURRENT - AMPERES 


2. AVERAGE FORWARD POWER DISSIPATION 


+ 190°C) 


MAXIMUM ALLOWABLE CASE TEMPERATURE - °C 


50 100 6150 


200 250 300 350 400 


AVERAGE FORWARD CURRENT - AMPERES 
3. MAXIMUM CASE TEMPERATURE VS. 
AVERAGE FORWARD CURRENT 


TRANSIENT THERMAL RESISTANCE - °C/WATT 


PEAK HALF SINE WAVE FORWARD CURRENT - AMPERES 


— 
4 6 8 tO 20 40 60 


CYCLES AT 60 CPS 


5. MAXIMUM SURGE CURRENT FOLLOWING 


RATED LOAD CONDITIONS (Tc = 


—65°C TO +190°C) 


OUTLINE DRAWING 
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TABLE OF DIMENSIONS 
Conversion Table 


DECIMAL INCHES METRIC MM 
MIN. “MAX. MIN. “MAX. NOTES. 
1.450 1.550 36.83 39.37 
5 750 12.70 19.05 
E 58.42 63.50 


144.78 


TERMINAL 
1 


TERMINAL 


PULSE TIME — MILLISECONDS 
6. SUBCYCLE SURGE FORWARD 
CURRENT FOLLOWING RATED 
LOAD CONDITIONS 


(Ic = —68°C TO +190°C) 


— (ANODE) 


2 
+ (CATHODE) 
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THREAD SIZE 


3/4 — 16 


UNF -— 24 


NOTES: 


1. Flexible Copper Lead. 

2. One Nut and @ne Lockwasher Supplied With Each Unit. Material of 
Hardware is Steel, Cad Plated. 

3. “T’ Dimension is Area of Unthreaded Portion. Complete Threads 
are Within 2.5 Threads of Seating Plane. 

4. Angular Orientation of Terminals is Undefined. 


Germanium 1N4090 
Diode 


The General Electric Germanium Tunnel Mixer Diode - Type 1N4090 is an 
alloy-junction Tunnel device designed for use as UHF and microwave mixer. 
Exhibiting a nonlinear VI characteristic, going through zero at the origin, makes 
this unit also very attractive for use as low level detector. The 1N4090 features 
very low capacitance, series resistance, video and I.F. impedances as well as 
extremely low turn-on and turn-off characteristics, The 1/f noise contribution is 
much lower than in point-contact mixers. 


absol ute maximum rati ngs: (25°C) (unless otherwise specified) 


Forward Current (-55° to + 100°C) 5 ma | 
Reverse Current (-55° to +100°C) 5 ma i wee 
Lead Temperature 1/16’? + 1/31” 260°C Jlosomax | | 
from case for 10 seconds 2) | sl | 320 
Storage Temperature Range - 55°C to +100°C - vat +088 we, 88 


ALL DIMEN, IN INCHES AND ARE REFERENCE UNLESS TOLERANCED, 


electrical characteristics: (25°C) (untess otherwise specified) 


Total Terminal Capacitance Cc ; 

Total Series Resistance R, - 4.5 10.0 

Total Series Inductance L - 

Peak-Point Current I, 130 160 180 ua 


Peak-Point Voltage Vy 50 62 75 mv 
Forward Voltage at I; =180 ua Vep 430 - - mv 
Forward Voltage at Ir =1 ma Ve 500 - - mv 
Reverse Voltage at Ip =2 ma Ver 80 100 120 mv 
Reverse Voltage at Ipma, =5 ma Vrmax 110 - 250 mv 
Forward Voltage at [ema, =5 ma Viemax $20 - - mv 
Valley Voltage Vy 275 - - mv 
Peak to Valley Ratio I, /I, 4:1 - - ratio : 
Recovery Time* t, - 0.1 - nsec 


*The recovery time is measured to a reverse current of | ma when switching from 0.1 volt forward to 0.4 volt 
reverse from a 50 source. Since this diode does not exhibit charge storage, the recovery time is determined by 
the charging time of the total device capacity. 
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[ 1N4148-49 SEE PAGE 205 | | 


Silicon 


Signal Diodes 


= = 1N4606 


This family of General Electric Double Heatsink diodes are high conductance, high 
speed low capacitance switching units for core and hammer driver circuits and 


=] 
| _1N4150__—i 
| _1N4450__— 
| 1N4606 | 
WH 


general purpose applications. These diodes incorporate an oxide passivated planar we 
structure built in a high resistivity, epitaxial layer grown on a low resistivity sub- / 
strate. 
The 1N4150 and 1N4606 feature controlled conductance, with minimum and maxi- , 
mum forward voltages at five levels of forward current. The 1N4450 offers con- fo 
trolled conductance at four levels of I, from 100.A to 50mA with amaximum fo. 
voltage of 1.0 volts at 200mA. This closely controlled conductance is necessary for ~ 
the design of clamping and logic circuits where tight tolerances on voltage levels 
are required. 
absolute maximum ratings: (25°C) 
1N4450 1N4150 1N4606 
Voltage 
er i 
ices se 30 50 70 Volts Ls 200. ie _ gine = oor 
Average Rectified +  — 200 ——_——_> mA | ooze | a gee = 
Recurrent Peak Forward + —— 600 —_——-> mA [2 i if 
Forward Steady-State DC ay 1) | aa mA ell |p SS 
Peak Forward Surge (1 usec. pulse) + ——_ 4 ——~* Amps 032% 002 Gia : 
Power CATHODE END — 
Dissipation* 500 mW NOTE: ALL DIMENSIONS IN INCHES 
Temperature 
Operating + —65 to +200 ———” °C 
Storage + —_ — 65 to +200 —— °C 
*Derate 2.85 mW/°C for ambient temperatures above 25°C based on a maximum junction temperature of 200°C. 
electrical characteristics: (25°C) (unless otherwise specified) 
1N4450 1N4150 1N4606 
Forward Voltage Min. Max. Min. Max. Min. Max. 
(Ir = 100nA) Ver 420 540 mV 
(Ir = 1mA) Ve 520 640 540 620 540 660 mV 
(Ir = 10mA) Ve 640 720 660 740 650 770 mV 
(Ir = 50mA) Ff Vr 800 920 760 860 740 860 mV 
(Ir = 100mA) 7} Vr 820 920 790 920 mV 
(lp = 200mA) TF Vr 1000 870 1000 860 1000 mV 
(Ip = 250mA)F Vr 1100 mV 
Breakdown Voltage 
(In = 5uA) By 40 Volts 
(In = 100nA) By 85 Volts 
Reverse Current 
(Vr = 30V) Tk 50 nA 
(Va = 30V, Ts = +150°C) In 50 pA 
(Ve = 50V) Tk 100 100 nA 
(Va = 50V, T, = +100°C) Tr 25 BA 
(Vr = 50V, Ta = +150°C) Ik 100 pA 
(Vex = 70V) Ik 250 nA 
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electrical characteristics: (25°C) (unless otherwise specified) 


1N4450 1N4150 1N4606 
; Min. Max. Min. Max. Min. Max. 
Capacitance 
(Va= OV)t Co 4 2.5 2.5 pF 
Reverse Recovery Time 
(Ir = In = 10 to 200mA, 
I,, = 0.1Iy, Fig. 3) ter 4 ns 
(Is = Ir = 200 to 400mA, 
Ir, = 0.115, Fig. 3) ter 6 ns 
(Ip = 10mA, Ir= IlmA, 
I,, = 0.lmA, Fig. 1) ter 6 ne 
(Ir = In = 10 mA, I-r = lmA, 
Figs. 1,2 & 6) tre 6 ns 
(Ir = In = 10 to 200mA, 
a 0.11,, Fig. 4) ter 4 ns 
(Ir = In = 200 to 400mA, 
Inr = 0.115, Fig. 4) ter 6 ns 
Forward Recovery Time 
(Ir = 200mA, t, = 0.4 nsec., 
t = 100 nsec., Vir = 1.0V, Fig. 5) tee 10 ns 
Stored Charge (Note 1) 
(Ir = 10mA) § Qs 42 42 42 pc 
+Pulsed measurement. Pulse width = 300 usec. Duty Cycle = 2%. 
tCapacitance as measured on Boonton Model 75A capacitance bridge at a signal level of 50 mV and a frequency of 1MHz. 
§Stored charge is. measured on B-Line Electronics Model QS-3 stored charge meter. Pulse amplitude = 5 volts, pulse width = 50 nsec., rise time = 0.4 nsec., 
source impedence == 10 ohms. 
NOTE: 1: STORED CHARGE 
When a forward biased diode is subjected to a reverse voltage step a reverse current 
will flow for a short time as a result of the stored charge consisting of minority carriers l—try — 


in the vicinity of the junction. The typical waveform of reverse current vs time for a 
diode subjected to a large reverse voltage is shown in Figure 1. The time required for 
the diode to recover its reverse blocking condition will depend on the quantity of charge 
stored and the rate at which the charge is removed by recombination inside the diode 
and by current flowing in the external circuit. Conventionally, the speed of a diode is 
characterized by the reverse recovery time, t,-, measured to some arbitrary current 
level as in Figure 1. However, for higher speed diodes reverse recovery time is not a 
satisfactory parameter for characterizing the speed of the diode since it is dependent 
on arbitrary circuit conditions and is very dependent on the construction of the test 
circuit. Stored charge, on the other hand, is measured by integrating the reverse cur- 
rent of the diode (as shown by the shaded area in Figure 1), and is consequently much 
less dependent on the construction of the test circuit and on arbitrary circuit conditions. 
Stored charge is a more ideal parameter for characterizing the speed of a diode since 
it represents an intrinsic characteristic of the diode and can be measured with good 
reproducibility on low cost instruments which have direct meter readout. 

Stored charge can be correlated with reverse recovery time measurements on a 
specific tr, test jig. Typical correlation curves are shown on the graph below. 


References: 

(1) JEDEC Proposed Method for Direct Measurement of Diode Stored Charge, JS-2-65-11 

(2) “Measurement of Stored Charge in High Speed Diodes,” T. P. Sylvan Application Note £90.30 (avail- 
able on request) 
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Silicon 


Diodes 


[1N4154 SEE PAGE 205 | 


= Tr! 


This family of General Electric silicon signal diodes 
are very high speed switching diodes for computer 
circuits and general purpose applications. These 
diodes incorporate an oxide passivated planar struc- 
ture. This structure makes possible a diode having 
high conductance, fast recovery time, low leakage, 
and low capacitance combined with improved uni- 
formity and reliability. These diodes are contained 
in two different packages; 

double heat sink miniature package and milli-heat 
sink package and are electrically the same as their 
equivalent types in each of the different packages. 
(see page two for groupings of electrically 
equivalent types in each of the packages). 


PLANAR EPITAXIAL PASSIVATED 


with Controlled Conductance 
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NOTE: ALL DIMENSIONS IN INCHES 


Dissipation: 500mW @ 25°C free air 
Derate: 2.85mW/°C for temp. above 25°C 
amb. based on max. Ty = 200°C 


IN4152 
1N4153 
8| IN4538 

| 1N4534 


Reverse Recovery Time of 
4 nanoseconds maximum 
Min.-Max. Vr specified at 6 
Forward Current Levels 


Capacitance of 2 pF maximum. 


Power Dissipation to 500 mW 


Power Dissipation to 250 mW 


Meets all MIL-S-19500 


requirements 


Figure 1 


032+.002 eae 


DOUBLE HEATSINK: DIODE (DHD) 
IN4151-1N4153 
1N4454 


CATHODE END 
NOTE: ALt DIMENSIONS IN INCHES 


Dissipation: 500mW @ 25°C free air 
Derate: 2.85mW/°C for temp. above 25°C 
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amb. based on max. T; = 200°C 


HEATSINK. | 


*See Figure 5 for thermal resistance for short pulses. 


{This power rating is based on a maximum junction temperatur 
200°C. 


1N4532, 3, 4 


absolute maximum ratings: (25°C) (unless otherwise specified) 


1N4454 1N4151 TN4152 IN4153 DHD 
1N4532 MHD618 1N4533 1N4534 MHD 
Voltage 
Reverse 50 50 80 50 Volts 
MHD & DHD Units 
Current 
Average Rectified 150 mA 
Recurrent Peak Forward 450 mA 
Forward Steady State DC 200 mA 
Peak Forward Surge (1 usec. pulse) 2000 mA 
Power 
Dissipation 500 
Temperature 
Operating +  —65 to +200 ———— °C 
Storage «-———_ — 65 to + 200 —---__---—-— °C 


electrical characteristics: (25°C) (unless otherwise specified) 


1N4454* IN4151 IN4152 IN4153 
1N4532 MHD618 IN4533 1N4534 
Breakdown Voltage Min. Max. Min. Max. Min. Max. Min. Max. 
(In = 54A) By 15 75 40 15 Volts 
Forward Voltage 
(Ir = 100uA) Vr 0.490 0.550 0.490 0.550 Volts 
(Iz = 250A) Vr 0.530 0.590 0.530 0.590 Volts 
(Ir = lmA) Vr 0.590 0.670 0.590 0.670 Volts 
(Iy = 2mA) Vy 0.620 0.700 0.620 0.700 Volts 
(Ir = 10mA) Vr 1.00 0.700 0.816 0.700 0.810 Volts 
(Ir = 20mA) Vr 0.740 0.880 0.740 0.880 Volts 
(Ip = 50mA) Ve 1.00 Volts 
Reverse Current 
(Va= 30V) Tk 50 nA 
| (Va= 30V, Ta = +150°C) Ik 50 BA 
(Vr = 50V) Tr 100 50 50 nA 
(Vr = 50V, Ts = +150°C) Iz 100 50 50 uA 
Reverse Recovery Time 
(Ir =hk= 10mA, 1. = ImA, 
| Figs. 9 & 10) ter 4 4 4 4 nsec. 
(Ir = 10mA, Vr = 6V, I., = 1mA, 
Ri = 100 ohms, Figs. 9 & 10) trr 2 2 2 2 nsec. 
Peak Forward Voltaget Voeak 3.0 Volts 
Capacitance 
(Vr = OV)} Co 2 2 2 2 pF 
Stored Charge (Note 1) 
(Ir = 10mA)§ (See Figures 9 and 10) Qs 32 32 32 32 pc 


*MIL type available 

t50mV peak square wave, 0.1 usec. pulse width, 5 to 100 kHz repetitive rate, generator tr <= 30 nsec. 

tCapacitance as measured on Boonton Model 75A capacitance bridge at a signal level of 50 mV and a frequency of 1 MHz at Vr = O volts. 

§Stored Charge as measured on B-Line Electronics Model QS-3 stored charge meter. Pulse amplitude = 5 volts, pulse width = 50 nsec., rise time — 0.4 nsec., 
source impedance = 10 ohms. 
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NOTE 1: STORED CHARGE 


When a forward biased diode is subjected to a reverse voltage step a reverse current 
will flow for a short time as a result of the stored charge consisting of minority carriers 
in the vicinity of the junction. The typical waveform of reverse current vs time for a 
diode subjected to a large reverse voltage is shown in Figure 8. The time required for 
the diode to recover its reverse blocking condition will depend on the quantity of charge 
stored and the rate at which the charge is removed by recombination inside the diode 
and by current flowing in the external circuit. Conventionally, the speed of a diode is 
characterized by the reverse recovery time, trr, measured to some arbitrary current 
level as in Figure 8. However, for higher speed diodes reverse recovery time is not a 
satisfactory parameter for characterizing the speed of the diode since it is dependent 
on arbitrary circuit conditions and is very dependent on the construction of the test 
circuit. Stored charge, on the other hand, is measured by integrating the reverse cur- 
rent of the diode (as shown by the shaded area in Figure 8), and is consequently much 
less dependent on the construction of the test circuit and on arbitrary circuit conditions. 
Stored charge is a more ideal parameter for characterizing the speed of a diode since 
it represents an intrinsic characteristic of the diode and can be measured with good 
reproducibility on low cost instruments which have direct meter readout. 

Stored charge can be correlated with reverse recovery time measurements on a 
specific t,, test jig. Typical correlation curves are shown on the graph below. 


References: 

(1) JEDEC Proposed Method for Direct Measurement of Diode Stored Charge, JS-2-65-11 

(2) ‘Measurement of Stored Charge in High Speed Diodes,” T. P. Sylvan Application Note 490.30 (avail- 
able on request) 
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80 


Silicon 
Diodes 


MULTI-PELLET 


= |r| 


1N4156,7 


These General Electric high speed multi-pellet diodes are for use in computer circuits and general 
purpose applications. They consist of one, two, three, or four planar passivated epitaxial diode 
pellets in. series, mounted in a subminiature double heatsink package. This structure makes pos- 
sible stabistors having controlled conductance and low leakage. 

This controlled conductance is necessary for the design of clippers, de coupling circuits, clamping 
circuits, meter protectors, bias regulators, and other types of circuits that require tight tolerances 
on voltage levels. 

The MPD200, 300, and 400 series may be used as signal limiters or level shifting diodes in tran- 
sistor logic circuits, and also as de coupling devices in de amplifiers and digital circuits like 
multivibrators. Other lower cost stabistors are the STB567, 8, 9 devices. See publication 75.46. 


absolute maximum ratings: (25°C) 


1N4156,7 MPD200 MPD300 MPD400 
1N4453 
1N4829,30 
1N5179 
Voltage 
Reverse 20 30 60 90 = Volts 
Power 
Dissipation 400 400 400 400 mW 
(Derate 2.67 mW/°C for 
ambient temperature 
above 25°C) 


Temperature 
Operating —65 to +175°C 
Storage —65 to +200°C 


electrical characteristics: (25° CG) (unless otherwise specified) 


T Breakdown @ Capacitance* 
ype Voltage, By Forward 150°C @ @ 0 Volts 
@ 5zA, Volts Voltage BA Volts f = 1MHz, pF 


0 


| Table7 | 30 | — | 3015 (typ.) 
a ae 
Table 9 


| inaise | 380 | Table | ee a ee 
50 SN 
| inaasa | 380 | Table3 | 50 Os O80 Oh 
| insi79 | 380 | Tabled | 50 BO Of, 0 
| 1naa29 [| 30@1004A | Tables | 100 | 2 @iooc [20 [2 tT 
[1na30 | 30@100uA_| Tableé [| 100 | 2%@ioc [20° [ 20 | 

MPD200 

mposoo {| -60_—s| ‘TableS [30 | 30 

a aa = 80S ee 


MPD400 


Forward Voltage, V:, Volts 


[weer [wae [tones [ veome [tones [tones [ teney [ Totea | Tobieo | 

ain |i ex [Wi Max | hin Max | Min Mex [min nox | in Men | in Mo | 
0.74-1.09 140210 [| S—S*:Ci-90-1.00 | 1.40-1.54 | 1.82-2.01 | 
510-.630 
2.20-2.80 1.22-1.34 
10 
100+ 


*Capacitance as measured on Boonton Electronics model 75A Capacitance Bridge at a signal level of 50 mA rms and a frequency of 1MHz. 


+Stored charge as measured on B-Line Electronics model QS-3 Stored Charge Meter. (Pulse amplitude = 5 volts, pulse width = 50 nsec, rise time = 0.4 nsec, 
source impedance = 10 ohms.) See Notes 2, 3 and Figure 1. 


tPulsed measurement. Pulse width = 300 nsec, Duty Cycle = 2%. 
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NOTES: 


(1) For typical temperature coefficients see Fig. 2. 
(2) Stored Charge is measured in the circuit given in MIL- STD-750, 19 January 1962, Method 4061. 


(3) 
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In this circuit (See Fig. 4) D, should be an ultra fast recovery diode having a stored charge less 
than 5% of that for the diode under test, with breakdown voltage greater than V,., the turn-off 
pulse voltage. D: should be a high speed planar epitaxial diode (1N4150) with rapid turn-on 
time. The pulse used for measuring stored charge should have V, equal to 10 volts, a rise time 
<0.5 nanosecond, a repetition rate of 100 kHz and a width greater than 10 nanoseconds. The stored 
charge is first measured with no current (I, in method 4061) and then with Ir = 1 mA (I. in 
method 4061). The stored charge specified is the difference between these two readings. 

The Tektronix diode recovery time plug-in unit, type S, can be used for approximate stored 


measurements. | 
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charge reading 

¢ = t 
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GIVEN, SLUGS, IF ANY, ARE INCLUDED WITHIN THIS 
CYLINDER AND ARE NOT SUBJECT TO THE 
MINIMUM BODY DIAMETER. 


4. NOMINAL LEAD LENGTH IS 1.250. 


TYPICAL APPLICATIONS 


1N4156, 7 


1N4829, 30 


(Also—See Multi-pellet Diode Application Notes 90.60 and 90.61) 
Level-shifting in DTL Circuits 


+12V 


mo oo @ 


Figure 5 


For the NAND gate in Fig. 5, the MPD300 multi-pellet diode provides for level-shifting so that only one power supply is 
required. Due to its high stored charge and the subsequent long recovery time, the MPD300 speeds up the transistor turn-off 
time by providing it with a reverse base current large enough to draw the stored charge out of the base of the transistor. 
Turn-off time is reduced by a factor of 2 to 3 compared to the use of 3 ordinary diodes in series. When a faster transistor, like 
the 2N2368 is used, similar improvement in performance is achieved. For a slow non-gold-doped type transistor, like the 
2N3973 similar improvement is also obtained provided that a resistor in the vicinity of 1.5K is connected from the base to 
ground. In multi-level logic application, a propagation delay time of about 10 nsecs and with a fan-out of 1 to 5 is attainable 
when 2N708 or 2N2368 transistors are used. 


Split Power Supply and Voltage Regulator for Transistor Circuits 


R TL 


Figure 6 


The very simple voltage regulator in Fig. 6a provides good regulation against change in voltage source (about %%) and has 
a low output impedance equal to dynamic impedance of the multi-pellet diode, which is approximately 5 ohms for this circuit. 
Efficiency is high compared to a resistive voltage divider regulator for the same output impedance. The latter regulator also 
gives no regulation against change in voltage source. In Fig. 6b, better regulation against change in voltage source is acquired 
by the use of a double diode shunt type configuration. Output impedance is the same as in Fig. 6a. Efficiency is lowered some- 
what but a much better regulation against change in voltage source is achieved (about 0.07% ). 


In Fig. 6c and d an emitter follower is added to the output. Output impedance is a little higher than the 2 preceding circuits, 
but higher efficiency and higher regulation against change in voltage source are obtained. 
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DC Coupling for Multivibrators Temperature Compensated Constant 
Vee + 12 Current Source 


MPD 300 


MPO 300 


2N3663 


Figure 7 
The use of MPD300’s in this astable multivibrator (Fig. 7) 
provides de level-shifting to give the desired output voltage 
swing. Only one capacitor is required. Stable operation is 
achieved from a few cycles per second to about 10MHz. In Fig. 8 the 2-pellet diode is used to compensate for the 
This circuit operates out of saturation region and switch- variation of Vax due to temperature changes. Output re- 
ing transistors are not required. A risetime of about 5 sistance is approximately h.», the collector output imped- 
nsecs is obtainable when high frequency transistors like ance of the transistor. 
the 2N3663’s are used. Typical 2N3859’s and 2N3901’s will 
give risetimes of 10 and 20 nsecs respectively. 


Biasing and Current Limiting for Push-pull Amplifiers 


Vogt 12 ¥ 


The power amplifier in Fig. 9 is based upon a complemen- 
tary push-pull operation driven by a class A driver ampli- 
fier, Ac and de feedback is provided through Rs. A MPD200 
not only biases the quiescent operating point so that cross- 
over distortion is eliminated but also provides temperature 
compensation. The other 2 MPD200’s limit the emitter cur- 
rent and hence protect the output transistors. 


o 


Signal Limiting 


+ 


Yo 
yj (~) MPO v = : ‘i . : 7 
400 o) We hee 3) Using the multi-pellet diodes there is a variety of signal 


limiting at various thresholds (Fig. 10). 


Figure 10 
DC Coupling for Transistor Amplifiers Current Limiting 


22K 1aK 


Figure 11 Figure 12 
Very simple amplifiers as shown in Fig. 11 can be built The emitter current is limited by the 2-pellet MPD200, 
using MPD’s to provide low ac impedance voltage bias. thereby the transistor is protected (Fig. 12). The maxi- 
When feedback is appropriately applied, temperature sta- mum emitter current is (Vp — Vaz) /Re which is independ- 
bility can be obtained. Simplicity, compactness and good ent of load, base drive and power supply. Using this con- 
low frequency response are the main advantages of this figuration, current limiting can be applied to switching 
type of circuit. circuits, amplifiers, voltage and current regulators. 


269 


[_1N4305 SEE PAGE 229 


Passivated 
Rectifier aR 
TRANSIENT VOLTAGE PROTECTED 
2.5 Amps 200-1000 Volts IN4247 
IN4248 
THE GENERAL ELECTRIC 1N4245-49 SERIES ARE A14 TYPES, 2.5 AMPERE IN4249 


RATED, AXIAL-LEADED, GENERAL PURPOSE RECTIFIERS. DUAL HEAT- 
SINK CONSTRUCTION PROVIDES RIGID MECHANICAL SUPPORT FOR THE 
PELLET AND EXCELLENT THERMAL CHARACTERISTICS. PASSIVATION 
AND PROTECTION OF THE SILICON PELLETS PN JUNCTION ARE PRO- 
VIDED BY SOLID GLASS; NO ORGANIC MATERIALS ARE PRESENT WITH- 
IN THE HERMETICALLY-SEALED PACKAGE. 


The 1N4245-49 series (A14’s) are “Transient-Voltage Protected.” These devices 
will dissipate up to 1000 watts in the reverse direction without damage. Voltage 
transients generated by household or industrial power lines are dissipated. 


absolute maximum ratin QS: (25°C unless otherwise specified) 


1N4245 1N4246 1N4247 1N4248 1N4249 
*Reverse Voltage (—65 to +160°C, T;) 


Working Peak, Vaws 200 400 600 800 1000 Volts 

DC, Vr 200 400 600 800 1000 Volts 
* Average Forward Current, Io 

55°C ambient (see rating curves) ———_ 1.0 —__————, Amp 

25°C 8 " —_—$__—_ 2.5 —___——_———_ Amp 


*Peak Surge Forward Current, Ivsu 
Non-repetitive, .0083 sec 
Half sine wave —_————_ 25 ——_—_— Amps 
Full load JEDEC method 
Peak Surge Forward Current, Iysu 
Non-repetitive, .001 sec 
Half sine wave 


Full load 160°C, T; —_——. 99.@- ———____———_ Amps 
No Load (25°C Case) ————_ 100 ——_—————_ Amps 
*Junction Operating Temperature Range, T; — -—65°C to +160°C —— 
*Storage Temperature Range, Tsre —- —65°C to +200°C ———_— 
J*t, RMS for fusing, .001 to .01 sec. ————. 4.0 ——————_._ Amps’ sec. 
Peak Non-Repetitive Reverse 
Power Rating, Pru ————- 1000. ——__ ————————_ Waits 


(20 psec. half sine wave, at Max. T;) 
Mounting: Any position. Lead temperature 290°C maximum to 1” 
from body for 5 seconds maximum during mounting. 


cere re ee ee ee re es es wr ee ee ee ee ee ee er re ene eee ee ns nn eee 


* Maximum Forward Voltage Drop, Vru ——_———<—————._ 1.2. —————_———. Volts 
Ip =1.0A, Ty, = +55°C 
* Maximum Reverse Current, Igu 


at rated Ve 
Ts = +25°C ———_————— 1.0 ——__—————_ pA 
T; = +125°C ———————— _ 25 —————————————_ A 
Typical Reverse Recovery Time, t,, ———— 2.55 SUC 
Maximum Reverse Recovery Time, t,, —  ———_ 5.0 ——————— ss pss 


(Recovery Circuit Per MIL-S-19500/286B) 
*JEDEC Registered data. 


Ig-AVERAGE AMPERES 


MAXIMUM ALLOWABLE DC OUTPUT CURRENT RATINGS 


SINGLE PHASE 
600 VOLTS & BELOW 


aa eree PHASE HALF as i 
AVE RESISTIVE LOAD o 
TOTAL THERMAL RESISTANCE = LEAD LENGTH=3/8" 1N4249 
2.0 Tt A. Oy, =60°C/W ey a 
HEAVY TIE LUGS OR Eo 
LARGE COPPER AREA a LEAD LENGTH = i/2" 
PC BOARDS. iy 
16 18. 8y-, *70°C/w aw 20 1 
TYPICAL THERMAL LUG a AD LENGTH®* 
MOUNTING, zz 
12 7 Piiicaw ee ccuee eg | 
MOUNTING SMALL COPPER Ce 
AREA. re 
0.8 Zo 10 4 
0.44 : 4 
is a a 70 90 M0 130 180 170 ye 30 50 70 90 110 130 150 170 : 
AMBIENT TEMPERATURE - °C LEAD TEMPERATURE Tm -°¢ 
AMBIENT OPERATION TIE POINT OPERATION 
(See Typical Mounting Below) 
TYPICAL CHARACTERISTICS 
40A 
OA 
¢ 5 
; : 
F 3 
z @ 
3 2 ita 
2 a 
z E 
e z 
= 2 
= 1O0mA 
1 L Lit dott ti 
1 10 100 
CYCLES AT 60 CYCLES PER SECOND 
MAXIMUM NON-REPETITIVE MULTICYCLE lomas i 
FORWARD SURGE CURRENT rSRSTAAT ANEQUS FORWARD VOLTAGE VOLTS. 
FORWARD CHARACTERISTICS 
150 MAX, 
ples is. 810 Mm.) 
TYPICAL TIE LUG MOUNTS TYPICAL PC BOARD MOUNTING Nach. 
— aaa 1.0" 
.050™MAX. 
SAR RING aay (1.270Mm.) 
FeO WIRE (25.400Mm.) 
i 035 MAX. 
(.889 Mm.) 
PERF BOARD .056 GLASS EPOXY DIA. AFTER 
PC BOARD TINNING 
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ALL DIMENSIONS ARE IN INCHES 
AND (METRIC) 
*WELO AND SOLDER FLASH NOT 
CONTROLLED IN THIS AREA 


1N4247 
1N4248 


| 
Silicon 1N4446-49 SEE PAGE 205 
Diode = 
IN4444 


The General Electric 1N4444 Double Heatsink Diode is a low capacitance diode for low and 
high current high speed switching circuits and general purpose applications. The diode incor- 
porates an oxide passivated planar structure built on a high resistivity, epitaxial layer grown on 
a low resistivity silicon substrate. The 1N4444 offers controlled conductance, minimum and 
maximum forward voltages at four levels of forward current. This closely controlled conduc- 
tance is necessary for the design of clamping and logic circuits where tight tolerances on vol- 
tage levels are required. 


All Double Heatsink Diodes receive a one hour glass anneal bake at 425°C. This processing 
optimizes DHD hermetic integrity under temperature cycling and thermal shock conditions ex- 
ceeding MIL-S-19500C requirements. All DHD’s then receive a 300°C stabilization bake for 
168 hours to assure paramenter stability and reliability under maximum storage and operating 
junction temperature. 


absolute maximum ratings: 


Voltage 1N4444 
Reverse 50 volts 
Current ee 
Average Rectified 200 ma EDS 140 bees 
Recurrent Peak Forward 600 ma oat igo 
Forward Steady-State DC 250 ma ) 1 
Peak Forward Surge (1 usec) 4 amps Scie 
a — -060 
Power x ¥ 
Dissipation 500 mw 232 £902 oA t 
CATHODE END NOTE: sate hetone 
Temperature ALL 
Operating <——65 to +200-—> °C IN INCHES 
Storage <——65 to +200-—> °C 
Lead, 46” + %42” from case for 10 sec. — 300——>__ °C 


electrical characteristics: (25°C) (unless otherwise specified) 


1N4444 
Forward Voltage Min. Max. 
(Ir = 0.1 ma) Vr 440 550 
(Ip = 1.0 ma) Vr 560 680 
(Ir = 10 ma) Vr 690 820 
(Ir = 100 ma) Vr 850 1000 
Breakdown Voltage 
(In = 5 pa) By 70 
(In = 100 wa) By 
Reverse Current 
(Ve = 50 V) Tz 50 
(Ve = 50 V, Ta = +150°C) In 50 
(Vz = 80 V) Iz 
(Ve = 80 V, Tz = +150°C) Ik 
Capacitance 
(Va =0V) (Note 1) Co 2 
Reverse Recovery Time 
(Iy = In = 10 ma, Recover to 1 ma) (Fig. 1) trr 7 
note: 


(1) Capacitance as measured on Boonton Model 75A capacitance bridge at a signal 
level of 50 mv and a frequency of 1 me. 
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T.C. in mv./°C 


3NI1 WHO OS 


50 OHM LINE 


TEKTRONIX TEKTRONIX 
TYPE 110 OR WI TYPE N 


PULSE SAMPLING PLUG 
GENERATOR IN UNIT 


RISE TIME TRIGGER RISE TIME 
S.5NS S.6NS 


LOW CURRENT t,, TEST CIRCUIT 


FIGURE | 


HIGH CURRENT TEST CIRCUIT 


FIGURE 2 


2.2 


T T TTT T T 
[ees COEFFICIENT 
VS 
FORWARD CURRENT 
mel 1N4444 , IN4445, : 
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3 


a t to 
IF in ma 


FIGURE 3 
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This family of General Electric Double Heatsink Diodes are high conductance, 
high speed switching units for logic, core and hammer driver circuits, and general 
purpose applications. These diodes incorporate an oxide passivated planar structure 
built in a high resistivity, epitaxial layer grown on a low resistivity silicon sub- 


strate. 


The 1N4451, 1N4607, and 1N4608 feature controlled conductance with minimum 
and maximum forward voltages at four levels of forward current. This closely con- 
trolled conductance is necessary for the design of clamping and logic circuits where 


Silicon 
Diodes 


tight tolerances on voltage levels are required. 


absolute maximum ratings: (25°C) 


Voltage 
Reverse 

Current 
Average Rectified 
Recurrent Peak Forward 
Forward Steady-State DC 


Peak Forward Surge (1 usec. pulse) 


Power 
Dissipation* 

Temperature 
Operating 
Storage 


*Derate 2.85 mW/°C for ambient temperatures above 25°C based on a maximum junction temperature of 200°C, 


1N4451 1N4607 1N4608 

30 70 70 Volts 
+ ——. 200 —_——_> mA 
+—— 600 —————_> mA 
a 250 ———_—> mA 
a —— Si / Amps 
am — 500 ———_—> mW 
+— —65 to +200 —— °C 
= — —65 to +200 ———» °C 


electrical characteristics: (25°C) (unless otherwise specified) 


Forward Voltage 


(Ir = 100A) 
(Iz = ImA) 
(Ir = 10mA) 


(Ir = 100mA) + 
(Ir = 250mA) + 
(Ir = 300mA) + 
(Ip = 350mA) + 
(Ip = 400mA) + 
(Ir = 450mA) + 
(Ir = 500mA) + 


Breakdown Voltage 
(In = 5uA) 
(In = 100A) 


1N4451 
Min. Max. Min. 
400 500 390 
510 610 500 
620 720 610 
750 875 740 
810 
1000 
40 
85 
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1N4607 
Max. 
500 
610 
720 
870 
950 


1000 
1100 


1N4454 SEE PAGE 262 


a 
[IN4S451 
1N4607,8 


1N4453 SEE PAGE 266 | 


i =) (0.075 
0.060 
ee ee 
0324 .002 DIA 5 
CATHODE END- 


NOTE: ALL DIMENSIONS IN INCHES 


1N4608 
Min. Max. 

390 490 mV 
500 600 mV 
610 710 mV 
740 850 mV 
810 930 mV 
mV 
840 960 mV 
mV 
1000 mV 
1100 mV 

Volts 

85 Volts 


electrical characteristics: (25°C) (unless otherwise specified) 


1N4451 1N4607 1N4608 
Min. Max. Min. Max. Min. Max. 
Reverse Current 
(Ve = 30V) Ir 50 nA 
(Vz = 380V, Ta = 150°C) Iz 50 pA 
(Vr = 50V) Iz 100 100 nA 
(Vi = 50V, Ta = 100°C) Ik 25 25 BA 
(Vz = 70V) Ik 250 250 nA 
Capacitance 
(Vz = OV)t Co 6 4 4 pF 
Reverse Recovery Time 
(Iv = In = 10mA, Recover 
to lmA, Fig. 3) trr 10 10 10 ns 
(Ir = In = 500mA, Recover 
to 50mA, Fig. 4) trr 15 15 ns 


Stored Charge (Note 1) 
(Ir = 10mA) § Qs 64 64 64 pc 


{Pulsed measurement. Pulse width = 300 usec. Duty Cycle = 2%. 

tCapacitance as measured on Boonton Model 75A capacitance bridge at a signal level of 50 mV and a frequency of 1 MHz. 

§Stored Charge as measured on B-Line Electronics Model QS-3 stored charge meter. Pulse amplitude = 5 volts, pulse width = 5 nsec., rise time = 0.4 
nsec., source impedance = 10 ohms. 


NOTE 1: STORED CHARGE 


When a forward biased diode is subjected to a reverse voltage step a reverse current 
will flow for a short time as a result of the stored charge consisting of minority carriers 
in the vicinity of the junction. The typical waveform of reverse current vs time for a 
diode subjected to a large reverse voltage is shown in Figure 1. The time required for 
the diode to recover its reverse blocking condition will depend on the quantity of charge 
stored and the rate at which the charge is removed by recombination inside the diode 
and by current flowing in the external circuit. Conventionally, the speed of a diode is 
characterized by the reverse recovery time, tr;, measured to some arbitrary current 
level as in Figure 1. However, for higher speed diodes reverse recovery time is not a 
satisfactory parameter for characterizing the speed of the diode since it is dependent 
on arbitrary circuit conditions and is very dependent on the construction of the test 
circuit. Stored charge, on the other hand, is measured by integrating the reverse cur- 
rent of the diode (as shown by the shaded area in Figure 1), and is consequently much 
less dependent on the construction of the test circuit and on arbitrary circuit conditions. 
Stored charge is a more ideal parameter for characterizing the speed of a diode since 
it represents an intrinsic characteristic of the diode and can be measured with good 
reproducibility on low cost instruments which have direct meter readout. 

Stored charge can be correlated with reverse recovery time measurements on a 
specific tr, test jig. Typical correlation curves are shown on the graph below. 


References: 
(1) JEDEC Proposed Method for Direct Measurement of Diode Stored Charge, JS-2-65-11 
(2) “Measurement of Stored Charge in High Speed Diodes,” T. P. Sylvan Application Note 790.30 
(available on request) 


TYPICAL REVERSE 
RECOVERY WAVE FORM 
FOR A HIGH SPEED DIODE 


FIGURE 1 
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1N4607, 8 v 


16 


TYPICAL CORRELATION BETWEEN STORED 
CHARGEAND REVERSE RECOVERY TIME 

(Qg MEASUREDIN B-LINE ELECTRONICS 
QS-3 STORED CHARGE METER AT 
Ip=lOmA, try MEASURED IN 
TEKTRONIX 291 DIODE TEST FIXTURE 
AT CONDITIONS INDICATED) 


REVERSE RECOVERY TIME — try - NANOSECONDS 


40 50 60 70 
STORED CHARGE -Q_ @ lOmA —PICO COULOMBS 


e@ 
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o 
ro) 


FIGURE 2 


TEK 561A/ 3S76/3T77 
SAMPLING SCOPE OR 
EQUIVALENT 


OA °0B 


60 n SEC 
DELAY LINE 


TEK 109 TEK 291 
PULSE J L PROBE! niope SWITCHING 
GENERATOR TIME TESTER 


LOW CURRENT REVERSE RECOVERY TEST CIRCUIT 


FIGURE 3 
60n SEC 
TEKTRONIX DELAY LINE 
TYPE 109 ORIIO 502 
BULGE i INPUT PULSE 
GENERATOR | COAXIAL TEE \ 
41 CONNECTION | 


OR 
EQUIVALENT 


— 60 n SEC 
| DELAYED PULSE 


ATTENUATOR ATTENUATOR | 7 __ 
502 500 Fe 
OUTPUT PULSE 
INDUCTIVE , ow 

SIGNAL PROBE Pane | 
TEKTRONIX 10:1 = Nes 
TYPE 661 A ter 
SAMPLING ATTENUATOR 
SCOPE OR 500 
EQUIVALENT 
502. INPUT 


HIGH CURRENT REVERSE RECOVERY TEST CIRCUIT 
FIGURE 4 
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TEMPERATURE COEFFICIENT 1N4607, 8 
1 + VERSUS macy Gn Aa | 


FORWARD CURRENT 


TC IN mv/*C 
nN 
N 


OF at t to 100 
IF INMA 


FIGURE 5 


HEATSINK STEADY 

SPACING STATE POWER 
FROM END THERMAL DISSIPATION 
OF DIODE RESISTANCE AT 25°C 


FIGURE 6 


} This power rating is based on a maximum junction temperature of 200°C. 
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Silicon 
Rectifier 


CONTROLLED AVALANCHE RECTIFIERS FROM GENERAL ELECTRIC 


Feature These Advances in Silicon Rectifier Diode Applications: 


e Self-protection against normal voltage transients. Dissipates up to 3900 watts 
peak power in the reverse direction. Permits decreased PRV safety factors in 
equipment due to greatly reduced transient voltage vulnerability. 

@ Unmatched standards of reliability at PRV’s up to 1200 volts, as well as at 
lower voltages. 

® Protection of other circuit components against overvoltage through rigidly 
specified maximum/minimum avalanche characteristics. 

@ Make ideal voltage equalizing elements for series connected SCR’s and conven- 
tional rectifier diodes. Also for anode triggering SCR’s to prevent damage from 
voltage transients in the forward direction. 

e Simplified series operation of rectifiers in high-voltage applications . . . no shunt- 
ing resistors necessary for Controlled Avalanche Rectifiers. Makes possible com- 
pact high-voltage assemblies. 

© Can operate in the avalanche breakdown region at high voltages... unharmed by 
hi-pot and megger tests. 

To be designated “Controlled Avalanche” a GE silicon rectifier diode must: 

1. Have rigidly specified maximum and minimum avalanche voltage characteristics ; 

2. perenne eee in its avalanche region without damage at any junction temperature up to a maximum 
oO san 

3. Be able to absorb momentary power surges in the avalanche region, and have ratings defining this capa- 
bility at starting junction temperatures of 25°C and 175°C. 


For information on the application of Controlled Avalanche Rectifiers, see Publication No. 200.27, “An Introduction To The Controlled Avalanche Silicon 
Rectifier”. Copies may be obtained from: General Electric Company, Distribution Services, Bldg. 6, Room 208, 1 River Road, Schenectady, New York 12305. 


MAXIMUM ALLOWABLE RATINGS 


Repetitive & Working 
| Peak Reverse Voltage* MINIMUM Avalanche Breakdown | MAXIMUM Avalanche Breakdown Full-Load Reverse Current 
Type Via(rep), Viarlwkg) Voltage, BVr, (5 mA test Voltage, BV, (5 mA test (full-cycle avg., 135°C Te, 
T; = —65°C to +175°C current at Ty = 25°C) current at Ty == 25°C) 1 ), bRevy 
(Note: 1) z 
Volts** Volts Volts Milliamperes** 
1N4510,R 1000 1250 1550 je 1.75 
1N4511,R | 1200 1500 1930 1.5 
Average Forward Current, In (Ty = +185°C, single phase)... ... an test : _ .......12 Amperes** 
Peak Once-Cycle Surge Current (non-repetitive), In: (surge)... | : fe _... 240 Amperes** 
Minimum I?t Rating (see Curve 6) . anne ; ; 67 Ampere? seconds 
Reverse Power Surge (non-repetitive, 10 p»sec., square wave) 
y = +25°C : wn ok ; F : 7 _. ... 3.9 Kilowatts 
T; = +175°C = . brite =~. EaPei _. 1.5 Kilowatts 
(For other conditions, see Curve 2) 
Average DC Reverse Power in Breakdown Region (—65°C = Ty = +135°C) (Note: 2) . 10 Watts** 
Peak Reverse Power in Breakdown Region (repetitive) (Note: 2) 50 Watts 
Forward Peak Voltage Drop, Viry (Te = +135°C, I, = 12 ampere avg.) oe 1.4 Volts** 
Thermal Resistance, 6y.¢ ; a : 2.0°C/Watt 
Operating Junction Temperature, T,; ; —65°C to +175°C** 
Storage Temperature, Tate _. —65°C to +200°C** 
Stud Torque 12 Lb-in (Min), 15 Lb-in (Max) 


14 Kg-em (Min), 17.5 Kg-em (Max) 
*Maximum voltages apply with a heatsink thermal resistance of 10°C/watt, or less, at maximum rated junction temperature. 
**Indicates values included in JEDEC Type Number Registration. 
NOTES: 


(1) Vrea(rep) applies for a conventional AC to DC conversion application. Vira (rep) and Viwéwks) can be considered unlimited providing that the addi- 
tional reverse power generation is taken into account by allowing for its influence on the forward current rating. Considerations similar to voltage 
regulator diode applications weuld apply. 

(2) These ratings assume no forward power dissipation. In applications requiring both forward and reverse average power dissipation, reduce case tempera- 
ture as determined from the maximum case temperature versus average forward current curve by 2.0°C for every watt of average reverse power 


dissipation. 
(3) Case temperature, Te, is measured at the center of any one of the hex flats. 
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OUTLINE DRAWING 
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NOTES: | 

1, Angular orientation of this terminal is undefined, 

2, 10-32 UNF-2A, Maximum pitch diameter of plated threads 
shall be basic pitch diameter (.1697”, 4.29 MM), Ref: (Screw 
thread standards for Federal Services 1957) Handbook H28, P1 


© 10-32 STEEL NUT 


@ LOCKWASHER, 


DIRECTION OF FOWARD CURRENT FLOW: 
—»}— REVERSE POLARITY 
—t¢— FOWARD POLARITY 


10-32 Do ® 


INSULATING HARDWARE 
E[® 
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CAOMIUM PLATED 


le N | DIA. 


CADMIUM PLATED | COPPER TERMINAL ,OI6 
STEEL heey) © THICK, TIN PLATED 
COMPLIES WITH @6RASS WASHER,O35 THICK 
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@MICA WASHERS, TWO, .625 
OD. .204 1.0., 005 THICK 


@ TEFLON WASHER,270 0.0. 
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® AVAILABLE UPON REQUEST 


TRY THESE SIMPLE TESTS TO PROVE HOW SUPERIOR CONTROLLED 
AVALANCHE RECTIFIERS ARE COMPARED TO OTHER RECTIFIERS: 


True Controlled Avalanche Rectifiers Will Not Be Damaged In Any Way By These Tests. 


STEADY-STATE 

This test operates the rectifier in its high volt- 
age avalanche region at a continuous power 
dissipation level of approximately 5 watts, at 
avalanche voltages over 800 volts. This is a 
test for surface stability at high voltage. 


ADJUST FOR R OHMS 
3KV PEAK VOLTAGE 5 WATTS 
ON TRANSFORMER 


SECONDARY 3) 
TEST 


RECTIFIERS 
SHOULD BE 
tt? VAC MOUNTED TO HEATSINK 
TO PREVENT THERMAL 


UTC S-47 TRANSFORMER 
OR EQUAL. JI7 VOLT PRI., 
3KV SEC., 30 MA. MIN. 


Test 
Rectifier 


1N4510 


1N4511 


REVERSE IMPULSE 

This tests the ability of the rectifier to with- 
stand high transient voltages and to dissipate 
high levels of peak power in the reverse direc- 
tion. Peak reverse power for rectifiers with 
avalanche voltages above 800 volts is over 250 
watts in this circuit. 

NEEOLE SPARK GAP. 


10 KV RECTIFIER ADJUST FOR SPARKOVER 
(G-E 4JA421EH20481 AT 5000 VOLTS 


R OHMS, 2 WATT 
CURRENT LIMITING 
RESISTOR. 


H7 vac 


7 


= 
UTC S-49 TRANSFORMER 

OR EQUAL. fI7 VOLT PRi, 10. OHMS 
4 KV SECONDARY, 

(0 MA. MIN. 

(00 NOT GROUND TRANSFORMER CASE) 


Test 
Rectifier 
1N4510 12K 
1N4511 12K 


© VOLTAGE PROBE 


TEST RECTIFIER 


© CURRENT PROBE 


The impulse voltage 
and current in the test 
rectifier can be viewed 
by connecting a scope 
between the indicated 
voltage and current 
taps and ground. 


FACTORY CONTROL TESTS 


General Electric Controlled Avalanche Rectifiers are subjected to rigorous tests to assure capability to the 
above conditions. In addition, production units undergo tests to control: 


@ Minimum/maximum avalanche voltage 
@ Elevated temperature reverse current 
@ Package leaks (helium leak test) 


® Internal thermal! resistance 


@ 5 temperature cycles (—65°C to +175°C) 
@ 240 ampere forward surge current capability 
@ Forward voltage drop 


@ Reverse power surge 
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CONTROLLED AVALANCHE | 


Silicon Rectifier 


1N4532-34 SEE PAGE 262 
35A Avg. Up to 1200V 1N4536 | SEE PAGE 205 


CONTROLLED AVALANCHE RECTIFIERS FROM GENERAL ELECTRIC 


Feature These Advances in Silicon Rectifier Diode Applications: 


Self-protection against normal voltage transients. Dissipates up to 12,000 watts 
peak power in the reverse direction. Permits decreased PRV safety factors in 
equipment due to greatly reduced transient voltage vulnerability. 

@ Unmatched standards of reliability at PRV’s up to 1200 volts, as well as at 
lower voltages. 

® Protection of other circuit components against overvoltage through rigidly 
specified maximum /minimum avalanche characteristics. 

® Make ideal voltage equalizing elements for series connected SCR’s and conven- 
tional rectifier diodes. Also for anode triggering SCR’s to prevent damage from 
voltage transients in the forward direction. 

® Simplified series operation of rectifiers in high-voltage applications .. . no shunt- 
ing resistors necessary for Controlled Avalanche Rectifiers. Makes possible com- 
pact high-voltage assemblies. 

® Can operate in the avalanche breakdown region at high voltages... unharmed by 
hi-pot and megger tests. 

To be designated “Controlled Avalanche” a GE silicon rectifier diode must: 


1. Have rigidly specified maximum and minimum avalanche voltage characteristics ; 


2. Be able to operate in its avalanche region without damage at any junction temperature up to a maximum 
of 175°C; and 

3. Be able to absorb momentary power surges in the avalanche region, and have ratings defining this capa- 
bility at starting junction temperatures of 25°C and 175°C. 


For information on the application of Controlled Avalanche Rectifiers, see Publication No. 200.27, “An Introduction To The Controlled Avalanche Silicon 
Rectifier”. Copies may be obtained from: General Electric Company, Distribution Services, Bldg. 6, Room 208, 1 River Road, Schenectady, New York 12305. 


MAXIMUM ALLOWABLE RATINGS 


Repetitive & Working 
Peak Reverse Voltage* 
Vix(rep), Via(wkg) 

T; = —65°C to +175°C 

(Note: 1) 


1N4529,R 1000 
1N4530.R 1200 


MINIMUM Avalanche Breakdown 
Voltage, BVr, (5 mA test 
current at T; = 25°C) 


MAXIMUM Avalanche Breakdown 
Voltage, BVr, (5 mA test 
current at T; = 25°C) 


Full-Load Reverse Current 
(fullecycle avg., 115°C Tc, 
1 >), Irav 


Milliamperes** 


2.5 
2.0 


Average Forward Current, Io (Tce = +115°C, single phase) 00 35 Amperes** 
Peak One-Cycle Surge Current (non-repetitive), Ip: (surge)... Ns ode sand TAsleih awn ke 500 Amperes** 
Minimum [’t Rating (see Curve 6) 2. nnn een een 500 Ampere? seconds 
Reverse Power Surge (non-repetitive, 10 »sec., square wave) 
Dp De Oa a tata mre ee De EU sao Selon A tat fe N et ee 12 Kilowatts 
T; = +175°C 4.5 Kilowatts 


(For other conditions, see Curve 2) 


Average DC Reverse Power in Breakdown Region (—65°C = Tc = +115°C) (Note: 2). 20 Watts** 
Peak Reverse Power in Breakdown Region (repetitive) (Note: 2). 0. -2oeeneeene een 100 Watts 
Forward Peak Voltage Drop, Vry (Tc = +115°C, Ip = 12 ampere avg.) 1.4 Volts** 
Thermal Resistance, 0y.¢..-. 22... cccc22 2 eee nner - 1.0°C/Watt 


Nperating Junction Temperature, Ty 00 ee 
Storage Temperature, Trg 
Stud Torque 


—65°C to +175°C** 
—65°C to +200°C** 


at Ae, MR eer rete NR 8 en cere Nn a tee Naa ieee cn tA te chee ha AT ee etn « ee EN ahead 80 Lb-in 
*Maximum voltages apply with a heatsink thermal resistance of 8°C/watt, or less, at maximum rated junction temperature. 35 Kg-cm 
**Indicates values included in JEDEC Type Number Registration. 

NOTES: 


(1) Vru(rep) applies for a conventional AC to DC conversion application. Vru(rep) and Vamu(wkg) can be considered unlimited providing that the addi- 


tional reverse power generation is taken into account by allowing for its influence on the forward current rating. Considerations similar to voltage 
regulator diode applications would apply. 


(2) 


These ratings assume no forward power dissipation. In applications requiring both forward and reverse average power dissipation, reduce case tem- 


Lea as determined from the maximum case temperature versus average forward current curve by 2.0°C for every watt of average reverse power 
issipation. 


(3) Case temperature, Tc, is measured at the center of any one of the hex flats. 
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ig INSTANTANEOUS REVERSE CURRENT-mA 


NOTES: |. CURVES SHOW MAX & MIN AVALANCHE BREAKDOWN VOLTAGES FOR ALL PRV GRADES, 7, =25°C y 
|___ 2. BREAKDOWN VOLTAGE INCREASES APPROX 0.1% /*C WITH INCREASING Ty I 
t 
f | 
1 | 
4 
al vrwtang) ! | 
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2. NON-RECURRENT REVERSE POWER SURGE 


SQUARE WAVE PULSE DURATION — MICROSECONDS 


INSTANTANEOUS REVERSE VOLTAGE -VOLTS 


3. REVERSE CHARACTERISTICS 


2000 
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MAXIMUM ALLOWABLE CASE TEMPERATURE -*C 


+ + 
. + — | 
—4 
T a 
it) 3 
Kr) a 
110 }—— FoR CONVENTIONAL oe) 
RECTIFICATION, REFER TO 
NOTE (1) FOLLOWING “MAXIMUM | 
}——- ALLOWABLE RATINGS” +. 4 + +t 
a 
al: | 
o 4 a 12 16 20 24 28 32 6 40 a4 8 $2 $s 


AVERAGE FORWARD CURRENT-AMPERES 


4. MAXIMUM CASE TEMPERATURE VS. 


AVERAGE FORWARD CURRENT 


pe | 
23°” i 
Hy 600} al | 
a & 500 
Hz 
+ 4o9L______! a 
soa pe oa 
ih. & 500 ti 
wh 400 = 400 i |_| 
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5. MAXIMUM FORWARD SURGE CURRENT 6. SUBCYCLE SURGE FORWARD CURRENT AND It 
FOLLOWING RATED LOAD CONDITIONS RATING FOLLOWING RATED LOAD CONDITIONS 


ON-WATTS. 
w “ 
8 & 


FORWARD POWER OISSIPAT! 


20 25 30 38 


AVERAGE FORWARD CURRENT -AMPERES 


8. FORWARD POWER AS A FUNCTION OF 
AVERAGE FORWARD CURRENT (T; = +175°C) 


ll il 
“f ill 
Y\ | 
cai 

aa 

A | 

matilll 


° 5S to (S 20 25 30 35 


INSTANTANEOUS FORWARD VOLTAGE-VOLTS 


TRANSIENT THERMAL IMPEDANCE -"C/W 


7. MAXIMUM FORWARD CHARACTERISTICS 


NOTE: CURVE DEFINES TEMPERATURE RISE OF JUNCTION ABOVE HEAT SINK 
FOR SINGLE LOAD PULSE OF DURATION t. PEAK ALLOWABLE DIS~ 
SIPATION IN RECTIFIER FOR TIME Ty, IF STARTING FROM HEAT SINK 
TEMPERATURE, EQUALS I75°C (MAX Ty} MINUS MAXIMUM HEAT SIN! 
TEMPERATURE DIVIDED BY THE TRANSIENT THERMAL IMPEDANCE. 


PEAK SQUARE WAVE POWER “ON” TIME-SECONDS 


9. MAXIMUM TRANSIENT THERMAL IMPEDANCE— 
284 JUNCTION TO HEATSINK 


OUTLINE DRAWING 


INCHES | MILLIMETERS 
| MIN. | MAX. | MIN. | MAX. | 


SYMBOL, 
A 


gut 


DIRECTION OF FOWARD CURRENT FLOW: 
——}*— FORWARD POLARITY 
—+t— REVERSE POLARITY 


TERM. I 


‘ if H 4 


“ 
O 

TERM2-4 ml 

SEATING |e A 

PLANE NOTES: 

|.COMPLETE THREADS TO EXTEND TO WITHIN 2-1/2 
THREADS OF SEATING PLANE. 

2. ANGULAR ORIENTATION OF TERMINAL 1S UNDEFINED. 

3.1/4-26 UNF- 2A. MAXIMUM PITCH DIAMETER OF PLATED 
THREADS SHALL BE BASIC PITCH DIAMETER (.2268" 5.74 MM) 
REF. (SCREW THREAD STANDARDS FOR FEDERAL SERVICES 
1957) HANDBOOK H28 1957 PI. 

4. MINIMUM FLAT. 

EIA-NEMA STANDARD OUTLINE, NEMA SK-SI- EIA RS-24l. 

INSULATING HARDWARE {S AVAILABLE UPON REQUEST. 


COMPLIES WITH EIA REGISTERED OUTLINE DO-5 


J 


TRY THESE SIMPLE TESTS TO PROVE HOW SUPERIOR CONTROLLED 
AVALANCHE RECTIFIERS ARE COMPARED TO OTHER RECTIFIERS: 


True Controlled Avalanche Rectifiers Will Not Be Damaged In Any Way By These Tests. 


STEADY-STATE 


This test operates the rectifier in its high volt- 
age avalanche region at a continuous power 


dissipation level of approximately 10 watts, 


avalanche voltages over 800 volts. This is a test 


for surface stability at high voltage. 


R OHMS 
5 WATTS 


ADJUST FOR 
3KV PEAK VOLTAGE 
ON TRANSFORMER 


SECONDARY 3) 


TEST RECTIFIERS 
SHOULD BE 

MOUNTEO TO HEATSINK 
TO PREVENT THERMAL 
RUNAWAY. CASE TO 
AMBIENT THERMAL 
RESISTANCE SHOULD 
NOT EXCEED 28°C/w. 


117 VAC 


r 


UTC S-47 TRANSFORMER 
OR EQUAL. I!7 VOLT PRI., 
3KV SEC., 30 MA. MIN. 


Test 
Rectifier 
1N 4529 50K 
1N4530 50K 


REVERSE IMPULSE 


This tests the ability of the rectifier to with- 
stand high transient voltages and to dissipate 
high levels of peak power in the reverse direc- 
tion. Peak reverse power for rectifiers with 
avalanche voltages above 800 volts is over 500 
watts in this circuit. 


at 


NEEDLE SPARK GAP. 
ADJUST FOR SPARKOVER 
NL. 


IO KV RECTIFIER AT 5000 VOLTS 


(G-E 4uA421EH20ABI 
\e 


R OHMS, 2 WATT 
CURRENT LIMITING 
RESISTOR. 


U7? vac 0 VOLTAGE PROBE 


TEST RECTIFIER 


7 


UTC S-49 TRANSFORMER 
OR EQUAL. ti? VOLT PR}, 
4KV SECONDARY, 

0 MA. MIN, 

(DO NOT GROUND TRANSFORMER CASE) 


Test 
Rectifier 


© CURRENT PROBE 


10 OHMS 


The impulse voltage 
and current in the test 
rectifier can be viewed 
by connecting a scope 
between the indicated 
voltage and current 
taps and ground. 


1N4529 
1N4530 


FACTORY CONTROL TESTS 


General Electric Controlled Avalanche Rectifiers are subjected to rigorous tests to assure capability to the 
above conditions. In addition, production units undergo tests to control: 


@ Minimum/maximum avalanche voltage 
@ Elevated temperature reverse current 
@ Package leaks (helium leak test) 


® Internal thermal resistance 


@ 5 temperature cycles (—65° to +175°C) 
@ 500 ampere forward surge current capability 
@ Forward voltage drop 


@ Reverse power surge 
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1N4606 SEE PAGE 258 


Silicon : 


1N4607-8 SEE PAGE 274 


Diode 


The General Electric type 1N4727is a very high speed silicon planar epitaxial passivated 
diode for computer circuits, switching circuits and general purpose applications. It features maximum 
limits on junction capacitance and stored charge to ensure reproducible performance in high speed switch- 
ing circuits. 

The A291 is a power silicon rectifier diode for use in applications requiring blocking voltages up to 2000 
volts and forward current ratings up to 250 amperes average in single phase applications. This device was 


formerly known as 6R WS}, and is reverse polarity device. The stud is the anode. wer 


absolute maximum ratings: (25°C) (unless otherwise specified) 


1N4727 _ 
Voltage a 
Reverse (continuous operating) 20 volts 
Current 032 +.002 pact. 
Average Rectified 15 mA CATHODE END 
Forward Steady-State DC 115 mA 
Recurrent Peak Forward 225 mA 
Peak Forward Surge (1 usec. @ 1% Duty Cycle) 2000 mA 
Power 
(with Heatsinking .250” from end of diode body) 
Dissipation (Note 1) 500 mW 
Dissipation (125°C) (Note 2) 200 mW 
Temperature 
Operating <& —65to4+175 > °C 
Storage ~< —65to +200 > °C 
Lead (46 + “%e inch from case for 10 sec.) < 300 > °C 
Derate 
Note 1: For ambient temperature above 25°C 3.0 mW/°C 
Note 2: For ambient temperature above 125°C 4.0 mW/°C 


155 
140 
180 
MAX 
NOTE: 


ALL DIMENSIONS 
IN INCHES 


1N4727, DHOD 


electrical characteristics: (25°C) (unless otherwise specified) 


1IN4727 
Min. Typ. 
| Breakdown Voltage (In — 5 uA) By 30 
Forward Voltage (Ir = 10 mA) Vr 0.79 
Reverse Current (Vz = 20V) Tk .02 
(Vr = 20V, Ts = 100°C) Ik 3 
Stored Charge (Note 5) 
(Ir = 10 mA) (Note 3) Qs 24 
Capacitance 
(Vn = 0V) (Note 4) Co 1.5 


Max. 


Note 3: Stored charge as measured on B-Line Electronics model QS-3 Stored Charge Meter (pulse 
amplitude = 5 volts, pulse width = 50 ns, rise time = 0.4 ns, source impedance = 10 ohms) 


Note 4: Capacitance as measured on Boonton Electronics model 75A Capacitance Bridge at a sig- 


nal level of 50 mv rms and a frequency of 1 mc. 
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Volts 
Volts 


wamp 
vamp 


pCoul 


pf 


1N4727 


NOTE 5: STORED CHARGE 


When a forward biased diode is subjected to a reverse voltage step a reverse current 
will flow for a short time as a result of the stored charge consisting of minority carriers 
in the vicinity of the junction. The typical waveform of reverse current vs time for a 
diode subjected to a large reverse voltage is shown in Figure 1. The time required for 
the diode to recover its reverse blocking condition will depend on the quantity of charge 
stored and the rate at which the charge is removed by recombination inside the diode 
and by current flowing in the external circuit. Conventionally, the speed of a diode is 
characterized by the reverse recovery time, t.,, measured to some arbitrary current 
level as in Figure 1. However, for higher speed diodes reverse recovery time is not a 
satisfactory parameter for characterizing the speed of the diode since it is dependent 
on arbitrary circuit conditions and is very dependent on the construction of the test 
circuit. Stored charge, on the other hand, is measured by integrating the reverse cur- 


rent of the diode (as shown by the shaded area in Figure 1), and is consequently much TYPICAL REVERSE 
less dependent on the construction of the test circuit and on arbitrary circuit conditions. RECOVERY WAVEFORM 
Stored charge is a more ideal parameter for characterizing the speed of a diode since FOR A HIGH SPEED DIODE 
it represents an intrinsic characteristic of the diode and can be measured with good 

reproducibility on low cost instruments which have direct meter readout. FIGURE 1 


Stored charge can be correlated with reverse recovery time measurements on a 
specific tr, test jig. Typical correlation curves are shown on the graph below. 


References: 
(1) JEDEC Proposed Method for Direct Measurement of Diode Stored Charge, JS-2-65-11 : 
(2) “Measurement of Stored Charge in High Speed Diodes,” T. P. Sylvan Application Note #90.30 (avail- 
able on request) 
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Silicon 
Diodes 


The General Electric 1N4863 Double Heatsink Diode is a high voltage, low capacitance diode for low- 
and high-current, high-speed switching circuits and general purpose applications. This diode incorporates 
an oxide-passivated, planar structure built on a high resistivity, epitaxial layer grown on a low resistivity 
silicon substrate. The 1N4863 offers controlled conductance, minimum and maximum forward voltage 
at four levels of forward current. This closely-controlled conductance is necessary for the design of 


clamping and logic circuits where tight tolerances on voltage levels are required. 


All Double Heatsink Diodes receive a one-hour glass anneal bake at 425°C. This processing optimizes 
DHD hermetic integrity under temperature cycling and thermal shock conditions exceeding MIL-S-19 
19500C requirements. All DHD’s then receive a 300°C stabilization bake for 168 hours to assure para- 
meter stability and reliability under maximum storage and operating junction temperature(s). 


absolute maximum ratings: 


Voltage IN4863 
Reverse (Continuous) 50 
Current 
Average Rectified 200 
Recurrent Peak Forward 600 
Forward Steady-State DC 250 
Peak Forward Surge (1 usec) 4 
Power 
Dissipation 500 
Temperature 
Operating —65 to +200 
Storage —65 to +200 
Lead, 4s” + %2” from case for 10 sec. 300 


electrical characteristics: (25°C) (unless otherwise specified) 


Forward Voltage 

(Ip = 0.1 ma) 

(Is = 1.0 ma) 

(Iy = 10 ma) 

(Ir = 100 ma) (Note 1) 
Breakdown Voltage 

(In = 5 pa) 

(In = 100 ya) 


Reverse Current 


(Vr = 50 V) 
(Va = 50 V, Ta = +150°C) 


(Vz = 80V 
(Vz = 80 V, Ta = +150°C) 
Capacitance 


Vez =0V) (Note 2) 


Reverse Recovery Time 
(Ir = In = 10 ma, Recover to 1 ma) (Fig. 1) 
(Ir = 10 ma, Ve = 6 V, Ri = 1000, Recover 
to 1 ma) (Fig. 1) 


(Ip = In = 100 ma, Recover to 10 ma) (Fig. 2) 


note: 


(1) Pulsed measurement (Pulse width < 300 usec, Duty cycle = 2%). 


iy 


.032£.002 DIA: 
CATHODE END 


1N4829-30 SEE PAGE 266 


1.250 


0.075 
| 0060 
a aennroeseeiet Soe 


NOTE: ALL DIMENSIONS IN INCHES 


IN4863 
Min, Max. 
440 550 
560 680 
690 820 
830 1200 

70 
50 
50 


(2) Capacitance as measured on Boonton Model 75A capacitance bridge at a signal 


level of 50 mv and a frequency of 1 mc. 
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T.C. in mv./°C 


S3NID WHO OS 


TEKTRONIX 
TYPE ItO OR Il 
PULSE 
GENERATOR 
RISE TIME 
S.5NS 


0-30 VDC 


TRIGGER 


TEKTRON 
TYPE N 
SAMPLING 


O+ 
(ADJUST Tp 1OMA) 


IX 


PLUG 


IN UNIT 
RISE TIME 


S.6NS 


LOW CURRENT t,, TEST CIRCUIT 


802 
OUTPUT 


Vp PULSE 
(IR) 


TRIGGER 


FIGURE | 


HIGH CURRENT TEST CIRCUIT 


FIGURE 2 


50 OHM LINE 


2.2 


VS 
FORWARD CURRENT 


FIGURE 3 
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Passivated 
Rectifier A14 SERIES 


TRANSIENT VOLTAGE PROTECTED 
2.5 Amps 200-1000 Volts 1N5060 


THE GENERAL ELECTRIC A14 IS A 2.5 AMPERE RATED, AXIAL-LEADED 
GENERAL PURPOSE RECTIFIER. DUAL HEATSINK CONSTRUCTION PRO- 1N5062 
VIDES RIGID MECHANICAL SUPPORT FOR THE PELLET AND EXCELLENT 
THERMAL CHARACTERISTICS. PASSIVATION AND PROTECTION OF THE 
SILICON PELLETS PN JUNCTION ARE PROVIDED BY SOLID GLASS; NO 
ORGANIC MATERIALS ARE PRESENT WITHIN THE HERMETICALLY 
SEALED PACKAGE. 


The Al4 is “Transient-Voltage Protected.” This device will dissipate up to 1000 
watts in the reverse direction without damage. Voltage Transients generated by 
household or industrial power lines are dissipated. 
absolute maximum ratings: (25°C unless otherwise specified) 
1N5059 1N5060 1N5061 1N5062 A14P 


*Reverse Voltage (— 65°C to +175°C, T;) (A14B) (A14D) (A14M) (A14N) 
(—65°C to +165°C for 1N5062 and A14P) 
Working Peak, Vawu 200 400 600 800 1000 ~—- Volts 
DC, Vz 200 400 600 800 1000 ~=—- Volts 
*Average Forward Current, Ig 
*100°C Ambient (90°C for 1N5062 and A14P) 1.20 Amp 
25°C Ambient (See Rating Curves) — 5 ”—C Amp 


*Peak Surge Forward Current, Tpgy 
Non-repetitive, .0083 sec., half sine wave, 
Full Load JEDEC Method gt a 0 ee. Amps 
No Load (25°C Case) ———— 5 —)—s( Amps 


Peak Surge Forward Current, Ipsgx 
Non-repetitive, .001 sec., half sine wave, 


Full Load —<—_—__—_—_——_—  _ 90 —————————_ Amps 
No Load (25°C Case) $$ —<$<————— 100 ————————_—————— Amps 
*Junction Operating and Storage 
Temperature Range, T; & Tgrg t— —65 to +175 <——» —65 to +165- °C 
It, RMS (for fusing), .001 to .01 sec. ~~ 14.0 ——— Amps? sec. 
Maximum Avalanche Voltage <~———__—_—_——__ 1600 ——————— ___ Volts 
Peak Non-repetitive Reverse Power Rating, Pry 
20 ysec., half sine wave, at Max. T; <~—_—_-—_———-_ 1000 ———————>-__ Watts 
*100 ,sec., JEDEC <——— S150 ————————————————SO—C™V att ts 


*Mounting: Any position. Lead Temperature 290°C maximum to ¥ inch from body for 5 seconds maximum during 
mounting. 


electrical characteristics: (25°c uniess otherwise specified) 


*Maximum Forward Voltage Drop, Vy, 1A, T; = 75°C ——<$<$<<<<<_— _ s6.:1$1.2 ——_—_—— Volts 
Maximum Reverse Current, Ip, at Rated Varu: 

T; = 25°C S/O SO pA 
*T, = 165°C — — — 200 200 pA 
*T, = 175°C 300 300 200 — — pA 

Typical Reverse Current, Ip, at Rated Varx $< ————_—_———. 10 ———_ pA 


Typical Reverse Current, I, 


T,; = 25°C 0.2 0.2 0.3 0.5 0.5 pA 
T, = 100°C 20 20 20 30 30 pA 
Typical Reverse Recovery Time, Tpx oS 3o——_—_—_—__ psec. 
Maximum Reverse Recovery Time, Tar SS psec. 


Recovery circuit per MIL-S-19500/286C. 
*JEDEC Registered data. 


Ig- AVERAGE AMPERES 


MAXIMUM ALLOWABLE DC OUTPUT CURRENT RATINGS 
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INSTANTANEOUS REVERSE CURRENT- pAMP' 
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INSTANTANEOUS FEVERSE VOLTAGE - VOLTS 


REVERSE CHARACTERISTICS AT SELECTED 
JUNCTION TEMPERATURES 


100 


PEAK FORWARD SURGE CURRENT-AMPS. 
6 


10 
CYCLES AT 60 CYCLES PER SECOND 


MAXIMUM NON-REPETITIVE MULTICYCLE 
FORWARD SURGE CURRENT 


292 


j 


PEAK REVERSE POWER-WATTS 


TYPICAL CHARACTERISTICS 


40A 


INSTANTANEOUS FORWARD CURRENT 


TYPICAL TEMPERATURE __| 
COEFFICIENT 
| a —— iy 
lOOmA C q — 
+ 1 | 
+ + 4 


= 2 
INSTANTANEOUS FORWARD VOLTAGE -VOLTS. 
FORWARD TEMPERATURE COEFFICIENT-mv/*C 


FORWARD CHARACTERISTICS 


Corr ce we er ff aan 
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tH | 
t z i open SER 4 4 4 
T + rt + } | 
4} 4 me 4 4 
10) 1 4 maee 1 
Ipsec Wpeec 1O0ysec Imsec tOmsec OOmsec 


HALF SINEWAVE PULSE DURATION (current) 


MAXIMUM NON-REPETITIVE AVALANCHE 
SURGE POWER 


CAPACITIVE LOADS | _1N5059 | 


Current Derating (capacitive load) | 1N5061 | 
Average forward current as specified under MAXIMUM RATINGS 

page 1 and derating curves for high temperature operation page 2, | 1N5062 | 
must be corrected for applications with capacitive loads. As the current | =A14P | 
conduction angle, «’, is decreased, the peak current required to main- I 

tain the same average current increases, i.e., the peak-to-average cur- NT TN” a7 PEAK 
rent ratio increases from 3.14. Figure 9 gives the derating required eeptbeterth f 


based on this increase in peak to average current ratio for sine wave 
operation. For more complete information consult Application Note 
200.30. 
METHOD: 1. Determine conduction angle «’ in degrees for particular 
circuit as designed. 
2. Enter Figure 9 for the particular conduction angle and 


Tt 
AVERAGE 


@ = CONDUCTION ANGLE (180°) 


read corresponding percent of forward current per cell. @'= SHORTENED CONDUCTION ANGLE 
3. Multiply this value times average forward current for 

resistive load from figures on page 2 as given for the OSCILLOSCOPE PRESENTATION 

actual ambient or tiepoint temperature required. 100 


TYPICAL EXAMPLES (25°C Ambient Temperature) 80 


Input Voltage Volts Z 0 
D.C. (Average) Output Voltage Volts $ 
Surge Resistor ; 5 |Ohms 3° 
Load Current 5 . ; .o | Amps. a 
Input Filter Capacitance uF. 
Conduction Angle Degrees be 
Rated Average Current Amp. 
(Resistive Load) SCT ee ee ee Oe 
a ecmciie La A Det OBO 1 O65: Aran, 9. DERATING FOR SHORTENED 
CONDUCTION ANGLE 
.150 MAX. 
(3.810Mm.) 
INTERNAL CONSTRUCTION Marking band to appear fF : 
on cathode end. } 


1. Dual heatsink design for maximum heat dissi- 
pation under both surge and continuous duty. 
No fragile “whiskers” or S leads with their 
potential trouble spots. 


180 MAX, 
(4.572 Mm.) 


.O50"MAX. 
(1.270Mm. ) 


1.0 MIN 


2. Glass Package. No internal cavity to act as (28.400Mm.) 
potential source of moisture or contamination age Ne) 
on junction. Temperature coefficient of the glass DIA. AFTER 
is matched with the internal parts. OUTLINE NN 

; a . ; . DRAWI NG ALL DIMENTIONS ARE IN INCHES 

3. Diffused silicon junction passivated surface. AND (METRIC) 


*WELO AND SOLDER FLASH NOT 
CONTROLLED IN THIS AREA 


TYPICAL APPLICATIONS 


@ FREE-WHEELING RECTIFIERS @ TV AND RADIO POWER SUPPLIES 

@ TIME DELAY CIRCUITS @ COMMUNICATION EQUIPMENT 

@ POWER LOGIC CIRCUITS @ S.C.R. TRIGGER CIRCUITS 

@ ARC SUPPRESSION @ SMALL PORTABLE APPLIANCES 

@ BATTERY CHARGERS @ GENERAL PURPOSE POWER SUPPLIES 
@ TV DAMPER DIODES @ LOW LEVEL LIMITERS 


293 


[iNe179_SEE PAGE 268 || 

Lead Mounted 
Rectifier | AIS SERIES | 
TRANSIENT VOLTAGE PROTECTED | N5G24— 
5.0 Amps 200-800 Volts | 1N5625 


THE GENERAL ELECTRIC A15 IS A 5.0 AMPERE RATED, AXIAL LEADED 1N5627 


GENERAL PURPOSE RECTIFIER. ITS DUAL HEATSINK CONSTRUCTION 
PROVIDES RIGID MECHANICAL SUPPORT FOR THE PELLET AND EXCEL- 
LENT THERMAL CHARACTERISTICS. PASSIVATION AND PROTECTION 
OF THE SILICON PELLET’S PN JUNCTION ARE PROVIDED BY SOLID 
GLASS; NO ORGANIC MATERIALS ARE PRESENT WITHIN THE HERMETI- 
CALLY SEALED PACKAGE. 


The A15 is “Transient Voltage Protected.” This device will dissipate up to 1000 


watts in the reverse direction without damage. Voltage Transients generated by 
household or industrial power lines are dissipated. 


absolute maximum ratin QS: (25°C unless otherwise specified) 


1N5624 1N5625 1N5626 1N5627 
(A15B) (A15D) (AT5M) (A15N) 
*Reverse Voltage (—65°C to +175°C, Ts) 
Repetitive Peak, Varu 200 400 600 800 Volts 
DC, Vr 200 400 600 800 Volts 
Average Forward Current, Ip 
* 70°C ambient, see rating curves a a nee Amps 
25°C ambient, see rating curves oe ee 6 0 ees Amps 
*Peak Surge Forward Current, Ips 
Non repetitive, .0083 sec., half sine wave, 
Full Load JEDEC Method i on IG Amps 
Peak Surge Forward Current, Ipgx 
Non-repetitive, .001 sec., half sine wave, 

Full load 175°C, T; a eee Amps 
*Junction Operating Temperature Range ' —65 to +175 °C 
*Storage Temperature Range —65 to +200 °C 

I*t, RMS for fusing .001 to .01 sec. a Amp’se 
Peak Non-repetitive Reverse Power Rating 
20 usec half sine wave at Max T; 1000 Watts 


*100 ysec., JEDEC i eee | Watts 
*Mounting: Any position. Lead temperature 290°C maximum to 14” from 
body for 5 seconds maximum during mounting. 


electrical characteristics: 
Maximum Forward Voltage Drop, Vr 
Ip = 5.0A, Ty, = 25°C 
*I, = 3.0A, T, = 70°C 
Maximum Reverse Current, Ip, at rated Varu 


Ty = 25°C ge 1 ee. 


*T; = 175°C 300 300 200 200 pA 
Typical Reverse Current @ 25°C a a a ey pA 
Typical Reverse Recovery Time, Trr Pee ee oe 71 : psec 
Maximum Reverse Recovery Time, Trr ge BO nn ee ee psec 


Recovery Circuit Per MIL-S-19500/286C 294 
*JEDEC Registered data. 


Ig- AVERAGE FORWARD CURRENT- AMPS 


3.0 


CIRCUIT DESIGN INFORMATION 1N5624-7 


MAXIMUM ALLOWABLE DC OUTPUT CURRENT RATINGS 


SINGLE PHASE, RESISTIVE AND INDUCTIVE LOADS 


2.5 


2.0 


fx Ween] 


Roy, *50°C/ WATT TYPICAL 


—— —$————- TIE LUG MOUNTING 74 


2.Ra yy" 65°C/ WATT TYPICAL 
PC BOARD MOUNTING 


0.5 


INSTANTANEOUS FORWARD CURRENT-AMPERES 


50 70 90 ito 130 150 170 


AMBIENT TEMPERATURE -°C 


AMBIENT OPERATION 
(See Tie Point Mounting Below) 


60 


iz | 
LEAD LENGTH « 3/8" 
Reus. =20° crw 


Io-@¥VERAGE FORWARD CURRENT- AMPS 


— 
fe 


° —_t aa = —L —L 
» 50 70 90 ihe} 130 180 (70 


THE POINT TEMPERATURE-"C 


TIE POINT OPERATION 


TYPICAL CHARACTERISTICS 


INSTANTANEOUS FOWARD VOLTAGE-VOLTS 


FORWARD CHARACTERISTICS 


100, 


INSTANTANEOUS REVERSE CURRENT-MICROAMPERES 


REVERSE CHARACTERISTICS 
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Are _] 


PEAK FORWARD SURGE CURRENT - AMPERES 


TYPICAL CHARACTERISTICS 


CYCLES AT 60 aveces PER SECOND 


MAXIMUM NON-REPETITIVE 


Cy. CAPACITANCE-PICOFARADS 


MULTICYCLE FORWARD 
SURGE CURRENT 


PEAK REVERSE VOLTAGE — 0C VOLTS 


JUNCTION CAPACITANCE 
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AT MAXIMUM 
JUNCTION TEMPERATURE 


PEAK REVERSE POWER-WATTS 


10 nec psec 1OOusec Imsec lOmsec lOOmsec 
HALF SINEWAVE PULSE DURATION (CURRENT) 


MAXIMUM NON-REPETITIVE 
AVALANCHE SURGE POWER 


THERMAL RESISTANCE —°C/ WATT 


12] 1/8 1/4 W8 V2 5/8 3/4 7/8 1.0 
L, LEAD LENGTH — INCHES 


STEADY STATE THERMAL RESISTANCE 


Current Derating (capacitive load) 


Average forward current as specified under maximum ratings, page 1, 
and derating curves for high temperature operation, above, must be 
corrected for applications with capacitive loads. As the eurrent conduc- 
tion angle, a’, is decreased, the peak current required to maintain the 
same average current increases, i.e., the peak-to-average current ratio 
increases from 3.14. Figure 3 gives the derating required based on 
this increase in peak to average current ratio for sine wave operation. 
For more complete information consult Application Note 200.30. 
METHOD: 1. Determine conduction angle «’ in degrees for particular 
circuit as designed. 
2, Enter Figure 8 for the particular conduction angle and 
read corresponding percent of forward current per cell. 
3. Multiply this value times average forward current for 
resistive load from igures 1 and 2 as given for the 
actual ambient or tiepoint temperature required. 


See Typical Examples Below 


TYPICAL EXAMPLES (25°C Ambient Temperature) 
[rena os 
No. 1 No. 2 No.3 


No. 4 
Conduction Angle (a) 170 110 130 70 
3 3 3 3 
0.98 | 0.86 | 0.92 : 
2.9 2.6 2.8 : 


OUTLINE DRAWING 


Rated Average Current 
(Resistive Load) 


% of Average Current 


Rated Average Current 
(Capacitive Load) 


1.000 MIN. .250* Oto 
(25.400 Mm.) 350+. 354Mm) 


.083 MIN. 
{2.1082 Mm.) 


fs 
OS3MAX. DIA. 


4.3462 Mm.) 
TINNED COPPER WIRE 


.250max 
(6.350 max } 


ALL DIMENSIONS ARE IN INCHES AND (METRIC) 
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PERCENT OF AVERAGE FORWARD CURRENT 


100 


o 
° 


o 
is) 


x 
o 


a 
°o 


a 
° 


rs 
° 


° 


FORWARD 
CURRENT 


@ = CONDUCTION ANGLE (180°) 
a'= SHORTENED CONDUCTION ANGLE 


OSCILLOSCOPE PRESENTATION 


10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 
FORWARD CONDUCTION ANGLE IN DEGREES-a 


DERATING FOR SHORTENED CONDUCTION ANGLE 


TYPICAL TIE LUG MOUNTS 


20 WIRE 


PERF BOARO 


TYPICAL PC BOARD MOUNTING 


to" 


056 GLASS EPOXY 
PC BOARD 


Silicon Unijunction 
Transistors 


The General Electric Silicon Unijunction Transistors are three-terminal devices having a stable 
‘*N’? type negative resistance characteristic over a wide temperature range. A stable peak point 
and a high peak current rating make these devices useful in oscillators, timing circuits, trigger 
circuits, and bistable circuits, where it can serve the purpose of two conventional silicon transis- 
tors. General Electric’s Fixed’Bed Construction makes these transistors extremely reliable under 
severe conditions of mechanical shock, vibration, centrifugal force, and thermal shock. It also 
provides a lower terminal resistance and improved uniformity of electrical characteristics. These 
transistors are hermetically sealed in welded cases. 


= : FEATURES 
23 6 
és 4 ® Stable Operation over Wide Temperature Range 
bw 
at @ ® Low Leakage Current 
“4 
ao © Low Peak Point Current 
se | © Guaranteed Minimum Pulse Voltage 
ne -60 -40 -20 fe] +20 +40 +60 +80 +100 120 +140 
AMBIENT TEMPERATURE -Tg- OEGREES CENTIGRADE 
ONLY THE UNIJUNCTION SUBMITTED TO TEMPERATURE 
: ats 42 
. . R 

absolute maximum ratings 2N494, A.B 
Total RMS Power Dissipation—Unstabilized* 450° mw 
Total RMS Power Dissipation—Stabilized® 600" mw 
RMS Emitter Current 70 ma 
Peak Emitter Current** (T;= 150°C) 2 amps 
Emitter Reverse Voltage (Ti = 150°C) 60 volts 
Operating Temperature Range —65 to +140 °C 
Operating Temperature Range—-Stabilized*® —65 to +175 “Cc 
Storage Temperature Range —65 to +175 Cc DIMENSIONS WITHIN. |. —-- 320 J 

. 2 , 5 JEDEC OUTLINE TO-5 nt TO-5 
1. Derate 3.9 mw/°C increase in amb. temp. (Thermal resistance to case = 0.16°C/mw) Eee ORTON a a 
2. Derate 2.6 mw/°C increase in amb. temp. (Thermal resistance to case = 0.08°C/mw) 
3. Under normal operation, thermal runaway conditions cannot exist with the UIT up oe 
to a junction temperature of 140°C since the temperature coefficient of Rns is positive OTE: Lod dale rt been, 
below this temperature and Ino is negligible. For this reason an unstabilized power ig an, Between 250 ard enol ad « 
rating can be used with the UJT which is derated to zero at 140°C. The UJT can be NOTE 2: Leads having maximum diameter 
used at temperatures above 140°C but in this case external resistance must be used in (O19) measured in gag ie ct 038 1800 
the emitter and interbase circuits to limit the power dissipation and prevent thermal shal be within, 007 ste pes tee ( fl ( ee 
runaway. The power rating for this condition is the stabilized power rating and is OTE 3: Measured om max. meer zoo Soni 
derated to zero at 175°C. It is also important to provide circuit stabilization in the WOTe’a: The densa oniroed fcr bul tmore 2) iN 
interbase circuit when the UJT is used in pulse type applications since the instan- mate handling. Te Yaa ae 3 Leags 
taneous temperature of the silicon could rise to a high enough value to permit runaway. or 08h 
4, Emitter peak current should be limited to two amperes for discharge capacitances 


up to 10fd, with a peak point voltage of 30 volts. For higher values of C or Vp, resist- ALL DIMEN. IN, INCHES, AND ARE 
ance must be added in series with the capacitor to protect the emitter circuit. ae 

EMITTER... E po acs < oe 
description sise Wo Be ws, KO 

45° 

General Electric’s Silicon Unijunction Transistor consists of an “N” type silicon bar LEAD 2 oe 
mounted between two ohmic base contacts with a “P” type emitter near base-two. 
The device operates by conductivity modulation of the silicon between the emitter and 2N489, A, B THROUGH 2N494, A, B 


base-one when the emitter is forward biased. In the cutoff, or standby condition, the 
emitter and interbase power supplies establish potentials between the base contacts, 
and at the emitter, such that the emitter is back biased. If the emitter potential is 
increased sufficiently to overcome this bias, holes (minority carriers) are injected into 
the silicon bar. These holes are swept toward base-one by the internal field in the bar. 
The increased charge concentration, due to these holes, decreases the resistance and 
hence decreases the internal voltage drop from the emitter to base-one. The emitter 
current then increases regeneratively until it is limited by the emitter power supply. 
The effect of this conductivity modulation is also noticed as an effective modulation of 
the interbase current. 


*25°C, unless otherwise specified. 
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2N489-94, A, B 


electrical characteristics: (at 25°C unless otherwise noted) 


General Electrie Unijunction Transistors are specified pri- of +10% from the center value and each range of interbase 
marily in three ranges of stand-off ratio and two ranges of resistance has limits of +20% from the center value. 
interbase resistance. Each range of stand-off ratio has limits 


Intrinsic 
Standoff 


Ratio 


Modulated 
Interbase 
Current 


Base One 
Peak Pulse 
Voltage 


Emitter 
Saturation 
Voltage 


Interbase 
Resistance 


Point 
Current 


(See 
note 1) 
Ver = 
10V 


(See 
note 2) 
Vix = 


3V 


Ip = 
50 ma 
Vap —= 


10V 


i 
50 ma 
Van = 


10V 


Viewsat) 
volts 


Inecropy 
ma 


Repo 
ohms 


Min. Max.} Min, Max. 


sien | melee gelca a Je 
2N490B | 51 6214.7 68168 22 4 20 ce ee 
2N 490 51 62162 91168 22 5 


2N490A | 51 62] 62 9.4 2 20 12 
62} 62 9.1/6.8 22 2 20 0.2 6 


2N490B | 51: 


Min. 


Max. 


PL 


np 

o 

as 

bw 
pale 


68168 22 5 2 20 12 
8/68 22 4.3 
|68 22 4.3 2 20 0.2 6 
|6.8 22 5 2 20 12 
6.8 22 4.3 2 20 
-}6.8 22 4.3 2 20 0.2 
6816.8 22 5 2 20 


.8 16.8 22 4.6 2 20 12 
{6.8 22 4.6 2 20 0.2 6 


QN491A. 


2N491B 


no 
np 
o 
be 
bo 
: chal 


= 
iw} 


-2N492A 


bo 


—aNaoaa | 
2N494B | 6 


8 

notes: sae 
1. The intrinsic standoff ratio, n, is essentially 2. The interbase resistance is nearly ohmic Rao 
constant with temperature and interbase volt- and increases with temperature in a well de- 1002 
age. 7 is defined by the equation: fined manner. The temperature coefficient at 

Vp = 7 Van + = 25°C is approximately 0.8% /°C. 

J 3. The base-one peak pulse voltage is meas- wy ole 

Where ured in the circuit at right. This specification Vos! | 

Ve = Peak point emitter voltage on the A and B versions is used to ensure a \ 

Van = Interbase voltage minimum pulse amplitude for applications in O.2pfdt5% 20041% 

T; = Junction Temperature SCR firing circuits and other types of pulse 

(Degrees Kelvin) circuits. = 
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EMITTER VOLTAGE - Ve - VOLTS 


EMITTER VOLTAGE - Ve - VOLTS 


EMITTER VOLTAGE - V— - VOLTS 


[_2nas9-94, A, B | EMITTER CHARACTERISTICS 


@ 


T TL — 
UPPER LIMIT ALL TYPES . ae ele 
Ve = 
NEGATIVE a ai ; 
~~—CUTOFF RESISTANCE 1¢-SATURATION—~- ot 
REGION REGION | REGION Pt a a 
Vp PEAK POINT | = 
H 8 SOTH PERCENTILE 90TH PERCENTILE 
{ EMITTER TO BASE- @ yy | 
| ONE DIODE rd or 
| CHARACTERISTIC = 
' 3 10°! ra 
Ve {SAT ) { 8 UPEER rally # +] UPPER LIMIT 
eISa TH -~ “ns foo anaes 2 Z FOR "B" VERSION: MEDIAN nee FOR "8" VERSIONS 
i (ALL TYPES) & 
a 8 
rd io z 
Te it + + f 8 
I Fa ° = 
[xe] Zz 
Fa 4 ra 
5 2425° 
© 1073 = 5 | Ta? + 25°C 
. * oat + a Ip)s0 
Static Emitter Characteristic curves show- 3 — at 3 
Py + d wi Vane = 30V ir 
ing important parameters and measure- > 2 > 
i ‘ @ B, 70 & 10-2 + — 
ment points (exaggerated to show details). ey 1 = 
= « | 
e re) - 
18 = = 
i 7 
16 a 9 —— ie | 103 L iH 
| 
+ Tt = MEDIAN ALL TYPES. 
at aE L 
STATIC EMITTER CHARACTERISTICS L L 
Tat -55°C ‘ 
2 +. + 4 4. +4 10" rs 
17 ~60 -20 +20 +60 +100 +140 1o-F oa 40 60 80 
AMBIENT TEMPERATURE - Ta - DEGREES CENTIGRADE EMITTER BASE TWO REVERSE VOLTAGE - Vpp¢-VOLTS 
jo t 
Veet 30V 
EMITTER REVERSE CURRENT CHARACTERISTICS 
Veg: 20V) 


o 
a 


4 = 


Vep 7 lov a 
00 MEASURED VALUES “eo 
— CALCULATED VALUES “sok 
—n Z 
Vea=SV Ve-Vp* A+B LOG Ie -IeRnp [ [ “ee 
_ Ve Ot 9 + Vg, Pal 
Te,°0 a5 Rup (Ryp=5.6K) 
n Lt E 
fe] 3 4 6 a 10 2 14 16 18 20 


EMITTER CURRENT - I¢ - MILLIAMPERES 


STATIC EMITTER CHARACTERISTICS 


EMITTER VOLTAGE BELOW PEAK POINT -(Ve-Vp)- VOLTS 


Taz +25°C 
2 + -05 1 
2 i 
001 oO. ( 10 100 
8 EMITTER CURRENT - Ig - MICROAMPERES 
6 STATIC EMITTER CHARACTERISTICS 
AT PEAK POINT 


oO = 4 6 8 10 2 14 16 18 20 
EMITTER CURRENT -I¢ - MILLIAMPERES 


- MICROSECONDS 


8 


EMITTER CHARACTERISTIC: 
Tat tl2sec 


8 


a 


EMITTER VOLTAGE FALL TIME -ty 


Kole} Ol A ! 10 
| oo CAPACITANCE - C; — MICROFARADS 
oo 24 6 8 0 12 1@ 16 ie 20 
EMITTER CURRENT - Ig - MILLIAMPERES EMITTER VOLTAGE FALL TIME 
STATIC EMITTER VS. CAPACITANCE IN 
CHARACTERISTICS RELAXATION OSCILLATOR 
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' 
‘ 
‘ 
' 
t 


_ TI 
Tp2 (Mod) Be 


90% 


LIMITS 


ZB \ 


i ¢ 
Ki —s — -——+- -. 
T 
Tat+ 25°C 
peel rs oe ‘s 
+ 
| 
} = 
' 
SN 
\ Ni 
x 
“S [450 ww 
Reno 4.7K 
abo N ‘a 
me 
ia 
N ie 
Repo? 6.5K ‘ ~ 
™, 
~ 
= 
S 
Repo* 9.1K esta 
~h 
INTERBASE CHARACTERISTICS AT ANY 
AMBIENT TEMPERATURE MAY BE 
DETERMINED SY DIVIDING THE 
HORIZONTAL SCALE BY THE NORMALIZED 
INTERBASE RESISTANCE (Kp) 
_t = 
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STATIC INTERBASE 
CHARACTERISTICS 


Te * |OMA 


T + 4 


STATIC INTERBASE 
CHARACTERISTICS 


Ta = +25°C 
Ig = 20MA 
Te = 30MA 
Te = 40MA 


Tes 10 ma_ 


+ 


STATIC INTERBASE 


CHARACTERISTICS 
Ta © +125°C 


Ie *20mo L 


rot 
Ig = 30ma 


+ 
Ig =40ma 
Ig» 50ma 


2N489-94, A, B 


ts 


+— 


=e 


a 


f— 
90TH PERCENTILE 


fi 
a eed es 


b 


mal 
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PEAK POINT CURRENT - Ip~MICROAMPERES 


cir i T 
o6 LF —— i J | 
l 2 3 4 6 8 10 20 3s 40 
INTERBASE VOLTAGE - Vag - VOLTS 

10 — 

8 - + 

6 4 

9OTH PERCENTILE 
4 T t 
Ta= +25°C 
: ee el 


PEAK POINT CURRENT=Ip - MICROAMPERES 


MEDIAN 


2 3 4 6 8 10 20 30 40 
INTERBASE VOLTAGE -Vgg- VOLTS 


PEAK POINT CURRENT -Ip- MICROAMPERES 


SE 
1.0 —}- 
for) { ce = 
06 1 i___t —t 
| 2 3 4 6 8 10 20 30 40 


INTERBASE VOLTAGE - Vag - VOLTS 


VARIATION OF Ip WITH Voz 


+ 
NORMALIZEO Ig, (MOD) VS TEMP 


NORMALIZED Veg, isaty VS TEMP 
4 


VALLEY POINT CURRENT - ly-MILLIAMPERES 


VALLEY POINT CURRENT - Ty -MILLIAMPERES 


VALLEY POINT CURRENT - ly —MILLIAMPERES 


40 
L 
QOTH PERCENTILE 
30 + 
Ta=-55°C 
+ 1; 
MEDIAN 
20 4 
10 _ 
{|_| T 
— 1 
° 5 10 15 20 3 30 
INTERBASE VOLTAGE~Vg_~VOLTS 
30 
4 : 
PERCENTILE 
20 |} —+— T= 
MEOIAN 
\ 
1o-- NM 
‘a LIMIT 
TYPES 
Sak ae 4 
eo | seal 
° 5 10 1S 20 25 30 35 
INTERBASE VOLTAGE - Vgg - VOLTS 
20 — a 
18 {——- eee Bee 
oa = = 
QOTH PERCENTILE 
14 LL — _ —-. 
Tax +125°C 
12 —t 
10 — 


6 
4 —— 
2 
° 4 LL. 
° 5 0 1S 20 25 30 35 
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INTERBASE VOLTAGE -Vgg- VOLTS 


VARIATION OF ly WITH Vpz 


NORMALIZED Ig, {MOD} VS Vgp -| 


T 


ji att 
NORMALIZED Ve sat) VS Vaa— 
—— + + + 
Tg = 5OMA 
Ta = +25°C 
t- 8 


2N489.94, A, B, 
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2NI909- 1916 


270t10% 


472 t10% 
PULSE ENG PE223/| 
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2N66I-689 
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— 
4721 10% 
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C10,CI 
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2NI929-1935 
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470+ 10% 


SPRAGUE 312204 


+ 


“55°C TO+ 125°C 
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Silicon Unijunction 


Transistors 


The General Electric Silicon Unijunction Transistor is a three terminal device having a stable “N” type 
negative resistance characteristic over a wide temperature range. These devices have a stable peak point 
voltage, a low peak point current, and a low emitter reverse current making them useful in timing and sen- 
sing circuits. They are intended for applicatins where a low emitter leakage current (high input impedance) 
and a low peak point emitter current (sensitive trigger current) are required (i.e., level sensing and long 
time delay applications), and also for triggering Silicon Controlled Rectifiers or other pulse sensitive cir- 


cuitry. 


*Revisions included in this issue consist of adding the 2N490C and 2N492C. Secondly, the Emitter Re- 


verse Current parameter, ];x, is now shown for the first time. 


See 2N489-94 specification sheet 60.10 for detailed curves. 
absolute maximum ratings: (25°C)* 


Voltages 
Emitter Reverse 
Interbase 


Current 


RMS Emitter 
Peak Emitter 


Power . 
Dissipation 


Temperatures 
Operating 
Storage 


60 volts 
65 volts 
70 ma 
2 amperes} 
600 mw** 


—65 to +175 °C 
—65 to +175 °C 


+Capacitor discharge—-10 ufd or less, 30 volts or less. 

**Derate 3.9 mw/°C increase in ambient temperature. The total 
power dissipation (available power to Emitter and Base-Two) 
must be limited by the external circuitry. 


a A 


.37OMAX 
-360MIN 


335 MAX 
325MIN 


woTe 1: This zone is controlled for auto- 
matic handing. The variation in actual 
diameter within this zone shall not exceed 
010. 


wOTe 2: Measured from max. diameter of 
the actual device. 


wore 3: The specified lead diameter ap- 
plies in the zone between .050 and .250 
from the base seat. Between 250 and 1.5 
maximum of 02] diameter is held. Outside 
of these zones the lead diameter is not 
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electrical characteristics: (25°C) 


2N490G 2N492C 2N494C 


Intrinsic Standoff Ratio (Van = 10V) 

Interbase Resistance (Vas = 3V, In = 0) 

Emitter Saturation Voltage (Vax = 10V, In = 50 ma) 
Modulated Interbase Current (Vins = 10V, In = 50 ma) 
Emitter Reverse Current (Vier = 30V, In: = 0) 


Emitter Reverse Current (Vas — 25V, Vieni = Ve — .8V) (Fig. 2) 


Peak Point Emitter Current (Vas = 25V) 
Valley Point Current (Vas = 20V, Rae = 1009) 
Base-One Peak Pulse Voltaget 


MIN. MAX, MIN. MAX. MIN. MAX. 
n 51 62 56 .68 62 75 
Raso 6.2 9.1 6.2 9.1 6.2 9.1 KQ 
Vuwsary 4 4.3 4.6 volts 
Inxaop 6.8 22 6.8 22 6.8 22 ma 
Tzo 0.02 0.02 0.02 wa 
Tux 0.05 0.05 0.05 ua 
Ip 2 2 2 wa 
Iv 8.0 8.0 8.0 ma 
Vom 3.0 3.0 3.0 volts 


{The base-one peak pulse voltage is measured in Figure 1 below. This specification is used to ensure a minimum pulse am- 
plitude for applications in SCR firing circuits and other types of pulse circuits. 
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Figure 1 
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Rt EXTERNAL 
2.2K To LOAD 
1OOMEG (RELAY, ETC.) 

COF, CI2F 
cl OR C40F 
ATO 2yf 


PRECISION SOLID STATE TIME DELAY CIRCUIT 


2N490C, 2C, 4C 


SCR 
(CF, CI2F, 
OR C40F) 


-° 


NANOAMPERE SENSING CIRCUIT WITH 
100 MEGOHM INPUT IMPEDANCE 


PRECISION SOLID STATE TIME DELAY CIRCUIT 


Time delays from 0.3 milliseconds to over three minutes is 
possible with this circuit without using a tantalum or elec- 
trolytic capacitor. The timing interval is initiated by apply- 
ing power to the circuit. At the end of the timing interval, 
which is determined by the value of R1C1, the 2N494C fires 
the controlled rectifier. This places the supply voltage 
minus about one volt across the load. Load currents are 
limited only by the rating of the controlled rectifier which 
is from 1 ampere up to 25 amperes for the types specified 
in the circuit. A calibrated potentiometer could be used in 
place of R1 to permit setting a predetermined time delay 
after one initial calibration. 


The charging resistor, R1, must be small enough to supply 
the minimum firing current (peak point current, Ip) of the 
2N494C plus the leakage current of the capacitor when the 
emitter of the unijunction is biased at its peak point volt- 
age. The 2N494C requires a minimum I» of 2.0 microam- 
peres. This would place a limit of 3 megohms for R1 and 
permit time delays of 6 seconds (C1 = 2 uf, without using 
the additional 2N491 relaxation oscillator, 

The circuit as shown effectively reduces the minimum I, 
requirement up to a 1000X by pulsing the upper base of the 


2N494C with a % volt negative pulse. This negative pulse 
rate is not critical but it should have a period that is less 
than .02 (R1 x Cl). This negative pulse causes the peak 
point voltage (firing point voltage level required at the 
emitter of the 2N494C) to drop slightly and if the voltage 
level at Cl is greater than this, the unijunction will fire 
with the necessary Ip supplied from Cl. By use of this tech- 
nique, this circuit has given time delays of about one hour 
with 2000 megohms at R1 and 2 uf at C1. The low leakage 
requirement for C1 is easily obtained with a mylar capacitor. 
R2 can be adjusted or selected for best stabilization of the 
firing point over the required temperature range. 


A pulse transformer can be used in place of the 27 ohm re- 
sistor if it is necessary to have the timing circuit isolated 
from the power switching (controlled rectifier) circuit 
which, for instance, might be connected to the AC line. 


The input impedance of the 2N494C is greater than 1500 
megohms before it is fired. The maximum time delay that 
can be achieved by this circuit is mainly dependent upon 
the maximum values that can be obtained for R1 and C1 
consistent with the low leakage requirement. 


NANOAMPERE SENSING CIRCUIT WITH 100 MEGOHM INPUT IMPEDANCE 


The circuit shown may be used as a sensitive current de- 
tector or as a voltage detector having high input imped- 
ance. R1 is set so that the voltage at point (A) is % to % 
volts below the level that fires the 2N494C. A small input 
current (Iin) of only 40 nanoamperes will charge C2 and 
raise the voltage at the emitter to the firing level. When 
the 2N494C fires, both capacitors, Cl and C2, are dis- 
charged through the 27 ohm resistor, which generates a 
positive pulse with sufficient amplitude to trigger a con- 
trolled rectifier (SCR), or other pulse sensitive circuitry. 
C2 is kept small for faster firing response time and C1 is 
used to provide the pulse output energy. Rapid recovery is 
obtained after the 2N494C fires since both capacitors are 
charged through R1. This configuration has the advantage 
that the leakage current of the silicon diode effectively sub- 
tracts from the leakage current of the unijunction and thus 
providing some temperature compensation. 

The input current available (lin) through the 100 MQ re- 
sistor will be much lower than the minimum firing current 
of the 2N494C (peak point current (Ir) = 2.0 wa). Use of a 
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sampling technique described above, however, permits a re- 
duction in the external firing current (I\,) by as much as 
1000 times below Iv. By pulsing the upper base of the 
2N494C with a 0.75 volt amplitude negative pulse the peak 
point voltage (firing point voltage level required at the 
emitter) will drop slightly and if the voltage level at C2 is 
greater than this, the unijunction will fire with the neces- 
sary Ip supplied from C2. By use of this technique, the 
2N494C has been fired with external input currents (Ii,) 
as low as 1 nanoampere with a 2000 megohm resistor for R2. 


The period of the 2N491 relaxation oscillation is not criti- 
cal, but it should have a time constant of .02 or less than 
that of the 2N494C. 


A floating power supply for this sensing circuit using a 
zener diode will permit grounding one of the sensing input 
terminals if this is desirable. R1 should be adjusted so the 
circuit will not fire at the maximum ambient temperature 
in the absence of the current or voltage sensing signal. R38 
can be adjusted or selected for best stabilization of the 
firing point over the required temperature range. 


2N681-92 | 


The 2N681 through 2N692 Series of Silicon Controlled Rectifiers are reverse blocking triode thyristor 
semiconductor devices for use in medium power switching and phase control applications requiring block- 
ing voltages up to 800 volts, and average load currents (single-phase, 180° conduction angle) up to 16 
amperes. 


General Electric’s C35 SCR and C137 SCR are recommended where a higher level of performance is 
required for a device of this size. 


OUTLINE DRAWING 
(COMPLIES WITH JEDEC TO-48) 
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MAXIMUM ALLOWABLE RATINGS 


NON-REPETITIVE PEAK REVERSE 


PEAK FORWARD BLOCKING | PEAK FORWARD VOLTAGE, VOLTAGE (<5 MILLISEC.), 


REPETITIVE PEAK REVERSE 


VOLTAGE, Vox PFV® VOLTAGE, Vrom (rep) wo 
To = 65°C +125°C To = —65°C +125°C Tc = —65°C Laas Be phd 
25 Volts* 35 Volts 25 Volts* 35 Volts* 
50 Volts* 75 Volts 50 Volts* 75 Volts* 
100 Volts* 150 Volts 100 Volts* 150 Volts* 
150 Volts* 225 Volts 150 Volts* 225 Volts* 
200 Volts* 3800 Volts 200 Volts* 300 Volts* 
250 Volts* 350 Volts 250 Volts* 850 Volts* 
300 Volts* 400 Volts 300 Volts* 400 Volts* 
400 Volts* 500 Volts 400 Volts* 500 Volts* 
500 Voits* 600 Volts 500 Volts* 600 Volts* 
600 Volts* 720 Volts 600 Volts* 720 Volts* 
700 Volts* 840 Volts 700 Volts* 840 Volts* 
800 Volts* 960 Volts 800 Volts* 960 Volts* 


®Values apply for zero or negative gate voltage only. Maximum case to ambient thermal resistance for which maximum Vromw and 
Vrom ratings apply equals 11°C per watt. 
Cells with higher PFV ratings are available upon request. 


RMS Forward Current, On-State 25 amperes (all conduction angles) 
Average Forward Current, On-State Depends on conduction angle (see Charts 3, 5 and 7) 
Rate of Rise of Forward Current, On-State, di/dt 10 amperes per microsecond 
Peak One-cycle Surge Forward Current, Ip_ (surge) 150 amperes* 
I*t (for fusing) 75 ampere? seconds (for times 21.5 milliseconds) 
Peak Gate Power Dissipation, Pem 5 watts* 
Average Gate Power Dissipation, Pe (av) 0.5 watt* 
“ Peak Forward Gate Current, Icru 2 amperes* 
Peak Forward Gate Voltage, Vern 10 volts* 
Peak Reverse Gate Voltage, Voeru 5 volts* 
Storage Temperature, Tyg —65°C to +150°C* 
Operating Temperature, T; —65°C to +125°C* 
Stud Torque 30 lb-in (35 kg-cm) 


*Indicates Data included on JEDEC type number registration. 306 **NOT TO EXCEED GATE POWER RATINGS 


CHARACTERISTICS 


PEAK REVERSE OR 
FORWARD BLOCKING Trou 
CURRENT} or 


Te = —65°C to +125°C 


2N681 Trost — 13.0 Vom —} Vrom = 25V Peak 
2N682 — 13.0 = 50V 
2N683 — 2 = 100V 
2N684 —. = 150V 
2N685 — = 200V 
2N686 — = 250V 
2N687 —- = 300V 
2N688 — = 400V 
2N689 —— = 500V 
2N690 — = 600V 
2N691 — = 700V 
2N692 — = 800V 


FULL CYCLE AVG. Trxcay 

REVERSE OR FORWARD or Tc = +65°C, Ino = 16A 

BLOCKING CURRENT+ Texcav) 180° Conduction Angle 
2N681 —_—_— 6.5* Vexu = Verxu = 25V Peak 
2N682 —  6.5* = 50V 
2N683 ——s_-«6.5* = 100V 
2N684 —-_—6.5* = 150V 
2N685 — 6.0* = 200V 
2N686 — 5.5* = 250V 
2N687 _ 5.0* = 300V 
2N688 — 4.0* = 400V 
2N689 —- 3.0* = 500V 
2N690 —-—-_- 2.5 * = 600V 
2N691 | — 2.25% = 700V 
2N692 —-_—s_ - 2.0* = 800V 

GATE TRIGGER CURRENT Ter — 40 

3.0* 


tValues apply for zero or negative gate voltage only. Maximum case to ambient thermal resistance for which maximum 
Vrow and Vrom ratings apply equals 11°C/watt. 
*Indicates data included on JEDEC type number registration. 
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NOTES: (1) RESISTIVE OR INDUCTIVE LOAD, 
50 TO 400 tz. 


{2) RATINGS DERIVED FOR 0.5 WATT 
AVERAGE GATE POWER DISSIPATION. 


(3) 11°C PER WATT MAXIMUM THERMAL 
RESISTANCE, CASE TO AMBIENT. 


(4) CURVES APPLY FOR ANODE CURRENT 
RATE OF RISE= 10 AMPERES PER 


CONDUCTION 
ANGLE = 30° 
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| alec pee AIL] ace | 
NOTES: (1) FREQUENCY, 50 TO 400 Hz. 
60 {| (2) JUNCTION TEMPERATURE «125°C, ———_—___+-_ 
(3) CURVES APPLY FOR ANODE CURRENT RATE 
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3. MAXIMUM ALLOWABLE CASE TEMPERATURE 
FOR SINUSOIDAL CURRENT WAVEFORM 
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NOTES: (1) FREQUENCY, 50 TO 400 Hz. 
| + (2) RATINGS DERIVED FOR 0.5 WATT AVERAGE 
GATE POWER DISSIPATION. 
120 (3) 11°C PER WATT MAXIMUM THERMAL RESISTANCE, 
CASE TO AMBIENT, 

? | | (4) CURVES APPLY FOR ANODE CURRENT RATE OF 
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AVERAGE FORWARD POWER DISSIPATION — WATTS 
3 


(1) FREQUENCY, 50 TO 400 Hz. 

(2) JUNCTION TEMPERATURE = 125°C. 

(3) CURVES APPLY FOR ANODE CURRENT 
RATE OF RISE =1O AMPERES PER 
MICROSECOND MAXIMUM. 


6 8 10 
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AVERAGE FORWARD CURRENT — AMPERES 
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AVERAGE FORWARD POWER DISSIPATION ~ WATTS 
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AVERAGE FORWARD CURRENT ~ AMPERES 


4. FORWARD POWER DISSIPATION 
FOR SINUSOIDAL CURRENT WAVEFORM 


5. MAXIMUM ALLOWABLE CASE TEMPERATURE 
FOR RECTANGULAR CURRENT WAVEFORM 


6. FORWARD POWER DISSIPATION 
FOR RECTANGULAR CURRENT WAVEFORM 
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AVERAGE FORWARD CURRENT-AMPERES 


PEAK HALF SINE WAVE 
FORWARD CURRENT—AMPERES 
2 
o 


4- 


FIN SIZE 
e'xe" 
NOTES: (1) RESISTIVE OR INDUCTIVE LOAD, 50 10 400 Hz 
FREE CONVECTION COOLING. 
12 (2) CURVES SHOWN ARE FOR 180° CONDUCTION ANGLE ——| 
5"x5" FOR OTHER CONDUCTION ANGLES, MULTIPLY CURRENT 
VALUES BY FOLLOWING FACTORS: 120°-0.91 
10° - 0.82 — 
60°-0.72 
30°-0.51 
to axa" DC - 1.40 | 
USE CURVES FOR 0C,16, 36, 66 CIRCUITS BY CHOOSING 
= PROPER CONDUCTION ANGLE FACTOR 
(3) CHART 3 CURVES ARE LIMITING, = 
(4) ALL FINS 1/16" THICK COPPER WITH EMISSIVITY = 30% 
8 +—-+ 4 STUD MOUNTED DIRECTLY TO COPPER FIN, MINIMUM —| 
ny at FIN SPACING = 3/4" 
3"x3' 
afer 
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AMBIENT TEMPERATURE- °C 


7. MAXIMUM FORWARD CURRENT VS. AMBIENT TEMPERATURE 


FOR VARIOUS FIN SIZES 


ee ae 


+ JUNCTION TEMPERATURE IMMEDIATELY 
PRIOR TO SURGE -65°C To +125°C 


6 6 20 40 60 


CYCLES AT 60 Hz 


9. MAXIMUM ALLOWABLE NON-RECURRENT PEAK SURGE 
FORWARD CURRENT AT RATED LOAD CONDITIONS 
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INSTANTANEOUS GATE VOLTAGE -VOLTS 


THERMAL IMPEDANCE - *C PER WATT 


2N681-92 


DISSIPATION =5.0 


WATTS 


MIN GATE CURRENT REQUIRED 
TRIGGER ALL UNITS AT: 
+25°C -—65°C 
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GATE TRIGGERING CHARACTERISTICS 
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TEMPERATURE oN VIDED BY 
THERMAL (IMPEDANCE : 


e, peor ee ae 
VEAK - CU) 


(2) ieee OPTIMUM RATINGS ANO FURTHER 
TION, Hid PUBLIC: 


TIME (1) ~ SECONDS 


10. MAXIMUM TRANSIENT THERMAL IMPEDANCE— 


JUNCTION TO CASE 


[_2N706 SEE GES706 | 


2N877-81 
2N889-89 


FEATURES: 
¢ All-diffused for Proved Reliability 
¢ Miniature Package TO-18 


¢ Two Ranges of Gate Sensitivity: 
2N877-881 — 200 ua max. 
2N885-889 — 20ua max. 

¢ Low Holding Current: _ ee none wt thier Sasa 
2N877-881 — 5 ma. max. ; ol: CE Rey : 
2N885-889 — 3 ma. mas. cea 


© Voltage Ratings up to 200 volts 
GATE 


¢ Designed for Military Applications 
ALL. ‘DIMENSIONS IN 
INCHES. 


CONFORMS. TO 
JEDEC. TO -18 PACKAGE. 


105 
ime OIA. PIN 
095: CIRCLE 


MAXIMUM ALLOWABLE RATINGS 


PEAK FORWARD BLOCKING WORKING AND. REPETITIVE NON-REPETITIVE. PEAK 
VOLTAGE, Vrxm, PEAK REVERSE VOLTAGE, REVERSE VOLTAGE, 
Ty == —65°C to +-125°C. Veron (wkg) and Vrom (rep). Vuost (non-rep): <5 Milliseconds. 
Rex —= 1000 OHMS MAXIMUM. Ty = — 65°C to +150°C Ty = 65°C to +125°C 


2N877, 2N885 30 volts 30 volts 45 volts 


2N878, 2N886 60 volts 60 volts 90 volts 
2N879, 2N887 100 volts 100 volts 130 volts 
2N880, 2N888 150 volts 150 volts 200 volts 
2N881, 2N889 200 volts 200 volts 275 volts 


Peak Forward Voltage, PF V 300 Volts 
RMS Forward Current, On-state 0.5 Ampere 
Average Forward Current, On-state Depends on conduction angle (see charts 2, 3, 11 & 12) 
Peak One Cycle Surge Forward Current (Non-repetitive), Ip (surge) 7 Amperes 
Peak Forward Gate Power Dissipation, Pex 0.1 Watt 
Average Forward Gate Power Dissipation, Pe cay) 0.01 Watt 
Peak Gate Voltage, Forward and Reverse, Veru and Veru 6 Volts 
Storage Temperature, T,,, —65°C to +150°C 
Operating Temperature —65°C to +150°C 
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CHARACTERISTICS 


TEST CONDITIONS 


Vex = Rated Vexu, Rix = 1000 ohms 


FORWARD BLOCKING 
CURRENT 


2N877-2N881 


= +25°C 
T, = +125°C 

= +25°C 
Ti = +125°C 
Vaux = Rated Vuow (rep) 


2N885-2N889 


REVERSE BLOCKING 
CURRENT 


2N877-2N881 


Ti = +25°C 
Ty = +125°C 
Ti = +25°C 
Ti = +125°C 


2N885-2N889 


REVERSE GATE CURRENT 
PEAK ON-VOLTAGE 


T, = +25°C, Inu = 1 Ampere, 
single half sine wave pulse, 
2.0 milliseconds wide max. 


a= +25°C, Rix = 1000 ohms, 
Vix = 24 Volts de. 


HOLDING CURRENT 


2N877-2N881 
2N885-2N889 


RATE OF RISE OF APPLIED 
FORWARD VOLTAGE 


TURN-ON TIME 
(Delay Time + Rise Time) 


= +125°C, Rix = 1000 ohms, 
Vexot = Rated Vexn 

== 425°C, Vex -= Rated Vixs, 
I-vs = 1 Ampere, 
Gate Supply: 6 Volts, 300 ohms 

= 4+125°C, Rix = 1000 ohms, 
I-u = 1 Ampere, Ix (recovery) = 1 Ampere 
Reapplied Vi-xs = Rated, 


Rate of Rise of Reapplied 
Forward Blocking Voltage = 20 V/usec 


Vex = 6 Vde, Rix = 1000 ohms, 
Ri, = 100 ohms maximum. 

Ti = +25°C 
T, = +25°C 


Vex = 6 Vde, Rix = 1000 ohms, 
Ry, = 100 ohms maximum. 


Ti = +25°C 
Ti = +25°C 


Vex = Rated Vexm, Rex = 1000 ohms, 
T, = +125°C 


CIRCUIT COMMUTATED 
TURN-OFF TIME 


All Types 


GATE TRIGGER CURRENT 


2N877-2N881 
2N885-2N889 
GATE TRIGGER VOLTAGE 


2N877-2N881 
2N885-2N889 
All Types 


e 


ON-VOLTAGE MEASURED 
“AT A. BONT ON THE LEADS 
1/2 INCH FROM 
BOTTOM OF THE. ‘Case. 


2 
S 


WSTANTANEOUS FORWARO CURRENT - AMPERES 


MAXIMUM ALLOWABLE CASE TEMPERATURE - °C 
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AVERAGE FORWARD CURRENT - AMPERES 


INCREASES 
GRE AKOVER 


| TT 2. MAXIMUM ALLOWABLE CASE TEMPERATURE (125°C JUNCTION TEMP.) 


INSTANTANEOUS ON - VOLTAGE - VOLTS 


1. MAXIMUM FORWARD 
CHARACTERISTICS, ON-STATE 
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2N877-81 
2N885-89 


AVERAGE FORWARD POWER DISSIPATION- WATTS 


MAXIMUM ALLOWABLE AMBIENT TEMPERATURE -°C 


INSTANTANEOUS GATE VOLTAGE — VOLTS 


wv 


OTES: (1) CELL LEAD MOUNTED, FREE rT Tt] 
(2) RESISTIVE OR INDUCTIVE. LOAD, BRS 

|_| (3) RATING DERIVED FOR 0.01 WATT Ree 
AVERAGE GATE POWER. 


0 0! 0.2 0.3 0.4 
AVERAGE FORWARD CURRENT - AMPERES 


3. MAXIMUM ALLOWABLE AMBIENT TEMPERATURE 
(125°C JUNCTION TEMP.) 


AVERAGE FORWARD CURRENT - AMPERES 


4. FORWARD POWER DISSIPATION 


T ——TT TT v 
NOTES : (1) SHADED AREA REPRESENTS THE LOCUS 
OF POSSIBLE TRIGGERING POINTS 
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(2) 6 VOLTS DC ANODE SUPPLY VOLTAGE. 
(3) GATE SUPPLY IMPEDANCE = 1000 OHMS 
NG INTO SUPPLY FROM TEST UNIT 
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rtd TO TRIGGER ALL UNITS AT: 


+125°C +25°C 


i 
ae 


An 


i N Sys N 
08 N 
07 NN 
a6 N 


YYYULLOLD 
LLUULLOUA 


Sea eee ens 
CU UDLLAA 


na 
\WALDOULDE 


SAMA 


Z 


SMAI 


WAM AANA 


-100 °o 100 200 300 400 500 


INSTANTANEOUS GATE CURRENT - MICROAMPERES 


. GATE TRIGGERING CHARACTERISTICS (2N877-2N881) 


INSTANTANEOUS GATE VOLTAGE - VOLTS 


——T T a T 
NOTES: (1) SHADED AREA_REPRESENTS THE LOCUS 

OF POSSIBLE TRIGGERING POINTS 

FR : 


OM -65°C TO +125°C 
(2) 6 VOLTS DC ANODE SUPPLY VOLTAGE. 
(3) GATE SUPPLY IMPEDANCE = 1000 OHMS 
LOOKING INTO SUPPLY FROM TEST UNIT 


. — CURRENT IND 
NOT INCLUDE ANY CURRENT REQUIRED BY 
EXTERNAL SHUNT RESISTANCE . 


MINIMUM GATE CURRENT REQUIRED 
TO TRIGGER ALL UNITS AT: 


+125°C +25°C -65°C 


SARA 
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N 
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ee a a 
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GOOGGL2 


Y 
Y 
VLE 


A 


MAXIMUM GATE 
VOLTAGE THAT 
WILL NOT TRIGGER 
ANY UNITS AT 

S 


Y) 


y 


b 
o 
, 
4 | 


INSTANTANEOUS GATE CURRENT - MICROAMPERES 


. GATE TRIGGERING CHARACTERISTICS (2N885-2N889) 


HOLDING CURRENT - MILLIAMPERES 


t. 1000 OHM RESISTOR FROM 
GATE TO CATHODE. 

2.OPEN CIRCUIT ANODE SUPPLY 
VOLTAGE = 24 VOLTS. 


-75 -80 +25 ° 2 50 75 oo «+125 150 
JUNCTION TEMPERATURE - °C 


7. HOLDING CURRENT AS A FUNCTION OF 
JUNCTION TEMPERATURE (2N877-2N881) 


|. 1000 OHM RESISTOR FROM 
GATE TO CATHODE. 


2. OPEN CIRCUIT ANODE SUPPLY 
VOLTAGE = 24 VOLTS. 


HOLDING CURRENT - MILLIAMPERES 


-75 -SO -25 ° 25 50 73 loo «-125——s1S0 
JUNCTION TEMPERATURE -°C 


8. HOLDING CURRENT AS A FUNCTION OF 
JUNCTION TEMPERATURE (2N885-2N889) 


PEAK HALF SINE WAVE FORWARD CURRENT-AMPERES 


2 4 6 8 10 20 40 60 
CYCLES AT 6O CPS 


9. MAXIMUM ALLOWABLE NON-RECURRENT SURGE CURRENT 


JUNCTION TO AMBIENT. 
FREE CONVECTION COOLING, 
INO EXTERNAL HEATSINK. 


JUNCTION TO CASE - 
CASE TEMPERATURE 


MEASURED AT THE TAB. 


TRANSIENT THERMAL IMPEDANCE - °C PER WATT 


TIME - SECONDS 


10. MAXIMUM TRANSIENT THERMAL IMPEDANCE 


Charts 11 and 12 apply to latching applications where SCR need 
not block forward voltage after being turned on, since the Vex 
rating does not apply above 125°C junction temperature. SCR 
will again block rated forward voltage after junction temperature 
drops below 125°C. 


MAXIMUM ALLOWABLE CASE TEMPERATURE - °C 
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8 


AT RATED LOAD CONDITIONS 


160 | a Sn S| T 
INOTES : (1) CELL_LEADED MOUNTED, FREE 
CONVECTION COOLING. 
140 


(2) RESISTIVE OR INDUCTIVE LOAD, 
50 TO 400 CPS. 


(3) RATINGS DERIVED FOR 0.01 WATT 
AVERAGE GATE POWER. 4 


80 


40 


MAXIMUM ALLOWABLE AMBIENT TEMPERATURE -°C 


ce) 0.1 0.2 0.3 0.4 
AVERAGE FORWARD CURRENT - AMPERES 


11. MAXIMUM ALLOWABLE AMBIENT TEMPERATURE 
(150°C JUNCTION TEMP.) 


NOTES: (1) CASE TEMPERATURE MEASURED AT THE TAB. 
(2) RESISTIVE OR INOUCTIVE LOAD, 50 TO 400 CPS 

{3} RATINGS DERIVED FOR 0.01 

WATT AVERAGE GATE POWER. 


0 0.1 0.2 0.3 0.4 0.5 
AVERAGE FORWARD CURRENT - AMPERES 


12, MAXIMUM ALLOWABLE CASE TEMPERATURE 
(150°C JUNCTION TEMP.) 


SCR : 


2N929 SEE GES929 
2N930 SEE GES930 


The 2N1595 series of Silicon Controlled Rectifiers are planar-passivated, all-diffused, 
three junction, reverse blocking triode thyristors for low power switching and con- 
trol applications. The 2N2322 series, which is also available, offers additional 
maximum specified electrical parameters. 


@ Painted external surface for maximum heat dissipation 

@ Single-ended package, ideal for printed circuit applications 
@ All-welded construction 

@ All-diffused, planar passivated 

@ Glass-to-metal seals 


MAXIMUM ALLOWABLE RATINGS 


2N1595 50 Volts* 500 Volts 50 Volts * 


2N1596 100 Volts * 500 Volts 100 Volts* 
2N1597 200 Volts * 500 Volts 200 Volts * 
2N1598 300 Volts * 500 Volts 300 Volts * 
2N1599 400 Volts * 500 Volts 400 Volts* 


(1) Applies for 1000 ohms maximum, connected gate-to-cathode. 


RMS On-State Current, Ippays) oe eee teens 1.6 Amperes (all conduction angles) 
Average On-State Current, Inayy 2... ee eet e eens Depends on conduction angle 

(see Charts 3, 4, 5 and 6) 
Peak One-Cycle Surge (Non-rep) On-State Current, Ingy... 2. cee ce tees 15 Amperes* 
Peak Gate Power Dissipation, Pay 2.0... 0 ce ee ee ee ene eee ene 0.1 Watts 
Average Gate Power Dissipation, Peay)... 0. ee te tte e ett e nee 0.01 Watts 
Peak Positive Gate Current, Tay... ccc eer nee eee eens etter tne eens 0.1 Amperes 
Peak Positive Gate Voltage, Vagr oo. eee eee eee ee eee eee eee et tee ee nee 6 Volts 
Peak Negative Gate Voltage, Voy... ee ee eee ee ee tee ee eee nee —6 Volts 
Storage Temperature, Tera 0.0.0... cece eee eee ee eee ee ee eee ee teen eee —65°C to +150°C* 


Operating Temperature, Ty 2.0.0.0... . cece ee tee te eee ee eee eee —65°C to +150°C 


* Indicates data included in JEDEC type number registration. 
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{2 OHMS 


GATE 


v 
SUPPLy &S 


Peak Off-State Ipru 
and & 


Reverse Current Iunw 


D.C. Gate Trigger 
Current 


D.C. Gate Trigger 
Voltage 


Peak On-State 
Voltage 


Circuit 
Commutated 


Turn-Off Time 


25 


1.0 


4 


OUTLINE DRAWING 


(Conforms to JEDEC TO-5 Package Outline) 


1.500 


30 


Inala 


— 


NOTE 1: THIS ZONE IS CONTROLLED FOR AUTO- 
MATIC HANDLING. THE VARIATION IN ACTUAL 
DIAMETER WITHIN THIS ZONE SHALL NOT 
EXCEED 010. 


NOTE 2: MEASURED FROM MAX. DIAMETER OF 
THE ACTUAL DEVICE 


MIN. 


ANODE LEAD 


NOTE 3: THE SPECIFIED LEAD DIAMETER APPLIES 
IN THE ZONE BETWEEN .050 AND 250 FROM 
THE BASE SEAT. BETWEEN 250 AND 1.5 MAX 
IMUM OF 021 DIAMETER IS HELD. OUTSIDE OF 
THESE ZONES THE LEAD DIAMETER IS NOT 
CONTROLLED. LEADS MAY BE INSERTED. WITHOUT 
DAMAGE. IN 031 HOLES WHILE DEVICE ENTERS 
371 HOLE CONCENTRIC WITH LEAD HOLE CIRCLE. 


APROX WEIGHT. 05 02 
ALL DIMENSIONS IN INCHES 


1.048 MAX. 
.029 MIN. 
{NOTE 2) , 


45° +3° 


~— 


Vor = Vanw = Rated volts peak, Rex = 


Te 


1000 ohms. 
To = 


+25°C 
+125°C 


= +25°C, Vp = 6 Vde, Ry, = 


12 ohms 


+25°C, Vi = 6 Vde, Ry = 12 ohms 


Te = + 25°C, Toye =10A peak, 1 msec. 
wide pulse. Duty cycle =2%. 


To = +25°C, Anode Source Voltage = 12 
Vdc, Rex = 1000 ohms. 


* Indicates data included in JEDEC type number registration. 
NOTE: (1) I¢s is defined in the circuit below: 315 


Te = +125°C, Ip = 1.0 A peak. 

Rectangular current pulse, 50 »sec duration. 

Rate of rise of current < 10A/ysec. 

Commutation rate = 5 A/ysec. 

Peak reverse voltage = Rated Vary volts 
max. 

Reverse voltage at end of turn-off time 
interval 15 volts. 

Repetition rate = 60 pps. 

Rate of rise of re-applied off-state voltage 
(dv/dt) = 20 V/,sec. 

Off-state voltage = Rated Vpry volts. 

Gate bias during turn-off time interval = 0 
volts, 106 ohms. 


To = + 25°C, Vn = Rated Voru value. 

Ipy = 1.0 A. 

Gate trigger pulse = 6 volts, 300 ohms, 5 
psec wide, 0.1 usec rise time. 

Gate bias = 0 volts, 300 ohms. 


[~~ JUNCTION 
| TEMPERATURE 
125°C 


NOTE: 1000 OHM RESISTOR CONNECTED FROM 
GATE TO CATHODE. 


NOTE: VOLTAGE 


MEASURED AT POINT 
ON LEADS 1/2 INCH — 
FROM BOTTOM OF 
CASE. 


CURRENT -MICROAMPERES 


° 10 20 30 40 50 60 70 80 90 100 
INSTANTANEOUS APPLIED VOLTAGE (PER CENT OF RATED VOLTAGE) 


2. TYPICAL OFF-STATE AND REVERSE BLOCKING CHARACTERISTICS 


INSTANTANEOUS REVERSE OR OFF-STATE 


INSTANTANEOUS ON-STATE CURRENT— AMPERES 


0.001 INCREASES TO 


BREAKOVER VOLTAGE 


ie) t.0 2.0 3.0 4.0 


INSTANTANEOUS ON-STATE 
VOLTAGE -VOLTS 


1. TYPICAL ON-STATE CHARACTERISTICS 


NOTES: (1) RESISTIVE OR INOUCTIVE 
LOAD, 50 TO 400 Hz, 
(2) RATINGS DERIVED FOR 0.01 
WATT AVERAGE GATE POWER. = 
(3) 125°C JUNCTION TEMPERATURE. 


oeeaean HHH 


a 


7 


ge eeestatatae Maas 
: | ANGLE | 


100 CONDUCTION 
ANGLE 


Wiss] ellie 

NOTE: (1) RESISTIVE OR INDUCTIVE LOAD, 50 TO 400 Hz. 

60;r—_J {2) RATINGS DERIVED FOR 0.01 WATT AVERAGE GATE POWER. }—7—7— 

(3) 125° C JUNCTION TEMPERATURE. 

(4) CASE TEMPERATURE MEASURED AT A POINT IN THE 
CENTER OF THE BOTTOM OF THE CASE. 


MAXIMUM ALLOWABLE AMBIENT TEMPERATURE —°C 


Sy 


TY YAALES 
ta 


180° 


MAXIMUM ALLOWABLE CASE TEMPERATURE — °C 
x 
3 


CONDUCTION 
o L_ANgte BRS) 
° fon) 2 0.3 0.4 05 0.6. 
0 0.2 0.4 0.6 0.8 1.0 1.2 14 6 AVERAGE ON-STATE CURRENT-AMPERES 
AVERAGE ON-STATE CURRENT — AMPERES 4, MAXIMUM ALLOWABLE 
3. MAXIMUM ALLOWABLE CASE TEMPERATURE AMBIENT TEMPERATURE 
(150°C Junction Temp.) (125°C Junction Temp.) 
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Charts 5 and 6 apply to latching applications where SCR need not block off-state voltage after being 
turned on, since the Virx specification does not apply above + 125°C junction temperature. SCR will again 
block rated off-state voltage after junction temperature drops below + 125°C, 


MAXIMUM ALLOWABLE CASE TEMPERATURE-—°C 


150 
tao 


120 


Ho 


be +++ (3) 150 °C JUNCTION TEMPERATURE. 
(4) CASE TEMPERATURE MEASURED AY A POINT IN THE 


CENTER OF THE BOTTOM OF THE CASE 
Pl fe beta tlie et an ie rj 


NOTES : (1) RESISTIVE OR INDUCTIVE LOAD, 50 TO 400 Hz. 
(2) RATINGS DERIVED FOR 0.01 WATT AVERAGE GATE POWER | 


0.2 0.4 0.6 08 1.0 1.2 L4 16 
AVERAGE ON-STATE CURRENT~ AMPERES 


5. MAXIMUM ALLOWABLE CASE TEMPERATURE 
(125°C Junction Temp.) 


ave ee OE ee 


NOTE: (I) RESISTIVE OR INDUCTIVE LOAD, 50 TO 
400 Hz. 


(2) RATINGS DERIVED FOR 0.01 WATT 
AVERAGE GATE POWER. ae | 
(3) 150°C JUNCTION TEMPERATURE, 
r 


MAXIMUM ALLOWABLE AMBIENT TEMPERATURE —°C 


tB0° 


| CONDUCTION 
80) ANGLE 
pS 
ot 
° 0.t 0.2 0.3 0.4 0.5 0.6 0.7 


AVERAGE ON-STATE CURRENT-AMPERES 


6. MAXIMUM ALLOWABLE 
AMBIENT TEMPERATURE 
(150°C Junction Temp.) 
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Silicon Unijunction 
Transistors 


2N1671,1A,B,C 


p> pr 


The General Electric Silicon Unijunction Transistor is a three terminal device having a stable “N” type 


negative resistance characteristic over a wide temperature range. A stable peak point voltage, a low peak 
point current, and a high pulse current rating make this device useful in oscillators, timing circuits, 
trigger circuits and pulse generators where it can serve the purpose of two conventional silicon or ger- 


manium transistors. 


The 2N1671 is intended for general purpose industrial applications where circuit economy is of primary 
importance. The 2N1671A is intended for industrial use in firing circuits for Silicon Controlled Rectifiers 
and other applications where a guaranteed minimum pulse amplitude is required. The 2N1671C is intended 
for applications where a low emitter leakage current and a low peak emitter current (trigger current) 


are required. 


These transistors feature Fixed-Bed Construction and are hermetically sealed in a welded case. All leads 


are electrically isolated from the case. 


absolute maximum ratings (25°C) 


Wore 1: This zone is controlled tor auto 
matic handling. The variation in actual 
diameter within this zone shall not exceed 


O10 
RMS Power Dissipation 450 mw! WoTe 2: Measured fram max. diameter of 
p 
the actual device, 
RMS Emitter Current 50 ma Mote 3: The specified lead diameter ap 
plies in the zone between .050 and 250 
} 2 from the base seat. Between 250 and 15 + 
Peak Emitter Current? 2 amperes malinhim of O21 ameter is held, Outside | 
4 of these zones the lead diameter is not i 
Emitter Reverse Voltage 30 volts controlled | 
B2 
Interbase Voltage 35 volts § ra 
LEAD! 
Operating Temperature Range —65°C to +140°C = 
\ 
Storage Temperature Range —65°C to +150°C 


electrical characteristics (25°C) 


PARAMETER 


Intrinsic Standoff Ratio (Vas = 10V) (Note 3) 
Interbase Resistance (Van = 3V, In = 0) (Note 4) 
Emitter Saturation Voltage (Var = 10V, I: = 50 ma) 
Modulated Interbase Current (Var = 10V, In — 50 ma) 


Peak Point Emitter Current (Vss = 25V) (Fig. 8) 
Valley Point Current (Vas = 20V, Ra: = 1002) (Fig. 9 
Base-One Peak Pulse Voltage (Note 5) 


NOTES: 


(1) Derate 3.9 MW/°C increase in ambient tem- 
perature (Thermal resistance to case 
=0.16°C/MW.) 
(2) Capacitor discharge—10ufd or less, 30 volts or 
less--Total interbase power dissipation must be 
limited by externa] circuitry. 
(3) The intrinsic standoff ratio, 7, is essentially 
constant with temperature and interbase voltage. 
n is defined by the equation: 
Vp=7Vup + ane 
J 
Where V»=Peak point emitter voltage 
Vasn~interbase voltage 
T:=Junction Temperature (Degrees 
Kelvin) 


Emitter Reverse Current (Vax = 30V, In = 0) (Fig. 6) 


Emitter Reverse Current (Van=25V, Vim =Vr—.3V) (Fig.3) 


EMITTER...E 
BASE ONE..BI + GOLD LEADS 
BASE TWO..82) .017 * 992 
(NOTE 3} 


SYMBOL 
n 


0.47 0.62 | 0.47 0.62 0.47 
Rano 4.7 9.1 4.7 9.1 4.7 
Vu(SAT) 5 5 


6.8 22 
12 


25 


Tn: (MOD) 
To 


22 
12 
25 


) 


(4) The interbase resistance is nearly ohmic and 
increases with temperature in a well defined man- 
ner as shown in figures 10 and 11. The temperature 
coefficient at 25°C is approximately 0.867/°C. 

(5) The base-one peak pulse voltage is measured 
in the circuit below. This specification on the 
2N1671A is used to ensure a minimum pulse ampli- 
tude for applications in SCR firing circuits and 
other types of pulse circuits. The variation of pulse 
amplitude with temperature and circuit parameters 
is shown in figures 12 to 15. 
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k:200 +.010 +4 
| | 


| 2N1671] 2N1671A|2N1671B/2NI671C | 
GEES OT Bacloccee clea Acai 


335 MAX _ 
325 MIN 


MISOMIN. 260MAX 
(NOTE!) '250MIN 
| i 


| 
onl 


a 


1 tl 


.O29 (NOTE 2) 


0.62 
9.1 


0.47 0.62 
4.7 9.1 


2N1671, 1A, B, C 


I Ve 


<¢+— -—CUTOFF 
REGION 
Vp | 


NEGATIVE 
RESISTANCE ole SATURATION—-—— 
REGION REGION 


PEAK POINT 


EMITTER TO BASE- 
ONE DIODE 
CHARACTERISTIC 


Vgp =!0V 


EMITTER VOLTAGE BELOW PEAK POINT (vy - Vp 1VOLTS 


| 
‘ 
TEo gba ea gre ee ie en IE 


EMITTER CURRENT - Ig - MICROAMPERES 


FIG. 1 FIG. 2 FIG. 3 


Unijunction Transistor Symbol with No- Static Emitter Characteristic curves show- Static Emitter Characteristics at Peak Point. 
menclature used for voltage and currents. ing important parameters and measure- 
ment points (exaggerated to show details). 


8 18 18 aa ~— — 
Ta 2125°C 
16 16 16 
rm) ‘4 14 
g e ‘ 
$ l2 iz a! 
s a cu 
110 W 19 > 
w g f 
« w 
Fd 5 8 
3 5 Se F 
f 
a 6 E6 & 
F = b 
te w 5 
Fo 4 4 w 4 
2 2 
2 4 6 8 fo 2 14 16 18 20 2 4 6 ca 10 12 14 16 iT) 20 2 4 6 8 10 12 14 16 18 20 
EMITTER CURRENT — Z_¢—MILLIAMPERES EMITTER -CURREMT=1 p> MILLIAMPERES EMITTER CURRENT~ I; - MILLIAMPERES 
FIG. 4 Static emitter characteristics for a typical 2N1671 unijunction transistor at 
. three different ambient temperatures. 
45 45 me - SaaS | 
te+0 Ta = 125°C 
40 40) = 
gz 2 
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4 i soma 
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u 25 2 & 25 4-4 - 4 
2 3 a 
é 3 s 
5 
2 20) = wy 20 pe 
y uw 2 
4 g / Bie fis 7 
o 15 oO vA w i | 
‘ & 2 
E10 2 iTe} SO = 
5 5 
2 4 6€ 8 OW 2 @ 6 8 20 22 2 4 6 6 10 2 14 16 182022 “2 4@ 6 6 1 i 14 6 18 26 22 
BASE - TWO CURRENT-Ig9-MILLtAMPERES BASE TWO CURRENT— Ig -MILLIAMPERES BASE TWO CURRENT-I,, -MILLIAMPERES 
FIG. S Static interbase characteristics for a typical 2N1671 unijunction transistor 
. 


at three different ambient temperatures. 
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2N1671, 1A, B, C 


INTERBASE RESISTANCE 


NORMALIZED 


1000, j = — 


uw = 
rd 2 — 
$ 2 i 
a 3 a T nt 
2 a 
g oI + 41+ + 
= S 
o = = 
ot 
i“ . cp 
Ww aa 
a = 
i ec 
5 r tf +t 
wu 
8 w 10 
3 e : 1 
a 5 E=%, =125°C i ‘ 
& 2 fs tH 
- C7 Tp =25°C na 
oi oi 
e < 
Z 10-3 3 as ~55°C 
Ww iv} 
120 60 d 
20 40 60 80 {00 2 oOo | oor at i i 
AMBIENT TEMPERATURE — Ta -DEGREES CENTIGRADE CAPACITANCE - C, - MICROFARADS 
FIG. 6 FIG. 7 
Emitter reverse current vs. temperature. Emitter voltage fall time vs. capacitance 


and ambient temperature for a typical unit 
in relaxation oscillator circuit. 
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. FIG. 9 
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voltage and ambient temperature for a Valley Point Current vs. interbase voltage 
4 . and ambient temperature for a typical unit. 
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FIG. 10 FIG. 11 
Normalized interbase resistance vs. junc- Limit values of static interbase characteris- 
tion temperature. tics with zero emitter current. 
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NORMALIZED BASE-ONE PEAK PULSE VOLTAGE 


2NI1671A - 2N1671B 


GENERAL PURPOSE PULSE CIRCUITS 
AND FIRING CIRCUITS FOR SILICON CONTROLLED RECTIFIERS 


re) 
8 2NI67TA_—2NIGTIB TT T a 13 T T 
2 Vga" 20 VOLTS E 4 {1} 11] a 2NI67IA ~2NIG7IB 
a T ° SHADED AREA INDICATE 
g7 ar 2sre aaa r rH > >| th : 90% LIMITS = 
1 WwW H 
a tH - t Rp 1000: G 
M6 + > 
m | | Rp" 50.2 ow 
4 THT 4 
- zt 
a5 iw 
be L Rpi* 20.0. = 10 
wn 
a4 2 
2 | ° 
Rp 210.0. i 
¥ a w 09 | 
a 3 tt— t- < 
uu 
Rp) 28.0 
3 BS 2 08 
wu 2 + |_| w 
a eee af Ltd 2 
07 
3 | +H z 
2 + S 
2 2 
= pdb tid ! 06 " 
0.01 0.02 0.05 Co) 0.2 os { 2 f 10 -50 -25 ° 25 50 75 100 «6125 =150 
APACITA —C, — MICROFARA 
BABESUTANGE 2 Suir MIGROFARADS, AMBIENT TEMPERATURE - Ty - DEGREES CENTIGRADE 
FIG. 12 FIG. 13 
Minimum base-one peak pulse voltage vs. capacitance Normalized base-one peak pulse voltage vs. temperature 
and base-one resistance in relaxation oscillator circuit. in relaxation oscillator circuit. 
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SPRAGUE 312204 


2NI6TIA,B, AND C chiami7 70-78, £ 270 O% = 


guaran 770) 
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NOTES. MC TED To 27 VOLTS WAX ONO" CURVE ANDI ww MINMUM TRIGGER PULSE IS TWICE THE aWP> 
VOLTS ON '€” CURV! LITUDE OF OTHER UJT'S, THiS ASSURES 2.1 
vonceR ‘agqunenenrs LESS THAN OTHERS OVER MINIMUM SCR TRIGGER REQUIREMENTS. 
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2 
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id ris 
) 5 10 IS im 25 30 35 40 Ea 
INTERBASE VOLTAGE - V,,.,-VOLTS 3 Si 
FIG. 14 aie 
OP esc ro +258. 
Normalized base-one peak pulse voltage vs. interbase (Sa Sc sesteaLe 
voltage in relaxation oscillator circuit. oF i 10 


ccAeaeitanee =Cy~ MICROFARADS 


FIG. 15 


Minimum supply voltage required to fire standard types 
of silicon controlled rectifiers vs. capacitance in circuit 


below. 
ae Period of Relaxation Oscillator 
70. 80 R.C; (+ 0.21 Ri C:) 
Maximum Value of R; for oscillation (—55°C to 
+140°C ) 
Ri (max) = 4380 V.2 (2N1671-2N1671A) 
R: (max) = 1800 V2? (2N1671B) 
r = Period in Seconds 
Ci = Capacitance in Farads 
R: = Resistance in ohms 
V: = Supply voltage in volts 
REFERENCES: 
FIG. 16 1. “Notes on the Application of the Silicon Unijunc- 
Basic unijunction transistor firing circuit for silicon tion Transistor,’’ 90.10. 


controlled rectifiers. é F ‘ 
2. “General Electric Controlled Rectifier Manual,” 


Fifth Edition. 
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2NI770A SERIES SEE PAGE 663 


The C11 Silicon Controlled Rectifier is a three junction semiconductor device for use 
in low power switching and control applications requiring blocking voltages up to 600 
volts and RMS load currents up to 7.4 amperes. 


* Broad Voltage Range (Up to 600V) ¢ No Gate Bias Required 
¢ Long Electical Creepage Path ¢ High Gate Sensitivity 
© Over Three Years of Successful Field Experience 
—t 
' ATING HARDWARE 
NSUL | cite Qs 
O Fei rn meMtEE O@® a ee ET 
@ BRASS WASHER, 035 THICK 0-3 , O13 MIN 


HINAAN 
WUUUUY 


i] 


4 | 


| 

+f | 

NICKEL PLATED | 

@MICA WASHERS, TWO, .625 al on | 
0.0., .204 1.0., 005 THICK 


Qe 
@ TEFLON WASHER,270 0.0. ‘065 GATE 
204 1.0, ,.050 THICK @ 10-32STEELNUT sj “ F sous see wore 5 
* AVAILABLE UPON REQUEST CADMIUM PLATED rou —| 
a @ LOCKWASHER, \ NOTES : COMPLETE THREADS EXTEND TO WITHIN 2-1/2 THREADS 
on pees CADMIUM PLATED 2 saneren OF UNTHREADED PORTION 190 MAX. 
STEEL 3. ANGULAR ORIENTATION OF THERE TERMINALS 18 UNDEFINED. 


| 4. CASE IS ANODE CONNECTION. 
5S. ALL DIMENSIONS IN INCHES. 


Minimum Forward Breakover 
Voltage (Vz0)t 
Ts = —65°C to +125°C 


Transient Peak Reverse 
Voltage (Non-recurrent <5 Millisec, it 
Ty = —65°Cto +125° c 


Repetitive Peak Reverse 
Voltage (PRV)} 
Ts = —65°C to +125°C 


(2N1770) 25 Volts* 25 Volts* 40 Volts* 
C11F (2N1771) 50 Volts* 50 Volts* 75 Volts* 
CitA (2N1772) 100 Volts* 100 Volts* 150 Volts* 
C11G (2N1773) 150 Volts* 150 Volts* 225 Volts* 
C1iB (2N1774) 200 Volts* 200 Volts* 300 Volts* 
C11H (2N1775) 250 Volts* 250 Volts* 350 Volts* 
C11C (2N1776) 300 Volts* 300 Volts* 400 Volts* 
€11D (2N1777) 400 Volts* 400 Volts* 500 Volts* 

(2N1778) 500 Volts* 500 Volts* 600 Volts* 

(2N2619) 600 Volts* 600 Volts* 720 Volts* 


+Values apply for zero or negative gate voltage only. Maximum case to ambient thermal resistance for which maximum PRV 


ratings apply equals 18°C/watt. 
MAXIMUM ALLOWABLE RATINGS 

Repetitive Peak Forward Blocking Voltage (PFV) (C11U thrucC11D) 480 ~ Volts 

(C11E and C11M) 720 Volts 
RMS Forward Current as (All conduction angles) 7.4 Amperes 
Average Forward Current (I) eee eens 4.7 Amperes* at 60°C Case (Half Wave Rectified) 
For other operating conditions see Chart 3. 
ae 60 Amperes* 


Peak One Cycle Non-recurrent Surge Current (iss. - 


Peak Surge Current During Turn-on Time Interval ha x, _ See Chart 7 
I*t (for fusing) = Sie ____Caleulate from Chart 8 
Peak Gate Power (px) pate eae: _ a 5 Watts* 
, Average Gate Power (P,:) = a5 : 0.5 Watt* 


* Peak Gate Current (ig) £ See so 2.0 Amperes* 
Peak Gate Voltage (v::) (Forward and Reverse) _ _ __..10 Volts* 

Operatirig Temperature. =. nis ze —65°C to +125°C* 
Storage Temperature hot —65°C to +150°C* 


Stud Torque ___. ah = an 15 inch-pounds 
*Indicates data included on JEDEC type wumber eopisuraien: 
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CHARACTERISTICS 


| tet Symbol | min | typ] 


Peak Reverse and Forward ix and is 
Blocking Current+ 

C11U (2N1770) 
C11F (2N1771) 
C11A (2N1772) 
C11G (2N1773) 
C11B (2N1774) 
C11H (2N1775) 
C11C (2N1776) 
C11D (2N1777) 
C11E (2N1778) 
C11M (2N2619) 


Full Cycle Avg. Reverse and 
Forward Blocking Current} 


T, — 125°C, Gate Open 
Vac = We, = 25 Volts Peak 


PRR eE Nw ee 
SOoOSMMNOSOUMN 
DNDN OT 00 1 
SSosooSooooOSoS 


T. = 60°C, I. = 4.7A, half sine wave 
180° Conduction Angle 


and 
Tecayy 


C11U (2N1770) 2.3 4.5* Vac = Vea = 25 Volts Peak 
C11F (2N1771) 2.3 4.5* 50 
C11A (2N1772) 2.3 4.5* 100 
C11G (2N1773) 2.0 4.0* 150 
C11B (2N1774) 1.5 3.0* 200 
C11H (2N1775) 1.3 2.5* 250 
C11C. (2N1776) 0.8 2.0* 300 
C11D (2N1777) 0.5 1.0* 400 
C11E (2N1778) 0.5 1.0* 500 
C11M (2N2619) 0.5 1.0* 600 
Gate Current to Fire Vac = 12Vde, Ti = 25°C, Ri = 250 ohms 
* Vac = 12Vde, Ts = —65°C, Ri = 250 ohms 
Vac = 12Vde, Ts = 125°C, Ri, = 250 ohms 
Gate Voltage to Fire Vac = 12 Vde, Ts = —65° to + 125°C, 


Ri. = 250 ohms 
Vac = Rated, T; = 125°C, Ri, = 250 ohms 


T, = 25°C, ir = 15 a (single sinusoidal 
pulse, 4 ms wide) 

Anode Supply = 6 Vde, T; = 25°C 

Ti: = 25°C, ir = 10 a, vac = Rated Gate 
Supply: 7 volt open circuit, 20 ohm, 0.1 
usec Max. rise time. 
T, = 125°C,ir = 5 a,in ba 
vic (Reapplied) = Rated. Rate of Rise of 


Reapplied Forward Blocking Voltage = 
20 volts per microsecond maximum. 


Peak Forward Voltage Drop 


Holding Current 


tors 


Turn-off Time 


Thermal Resistance 


tValues apply for zero or negative gate voltage. Maximum case to ambient thermal resistance for which maximum PRV 
ratings apply = 18°C per watt. 


*Indicates data included on JEDEC type number registration. 


flere) = — 300, Se 4 oe cee - po 
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INCREASES TO BREAKOVER VOLTAGE | 
WITH ZERO GATE SIGNAL 
3 ER ta aa aa io 7 
fo Os 10 is 20 25 30 fe) 2 4 6 a 10 (2 14 
INSTANTANEOUS FORWARD VOLTAGE DROP-VOLTS 
INSTANTANEOUS FORWARD VOLTAGE DROP-VOLTS 
1. MAXIMUM FORWARD CHARACTERISTICS 2. MAXIMUM FORWARD CHARACTERISTICS 
CONDUCTING STATE HIGH CURRENT LEVEL — CONDUCTING STATE 
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C11 SERIES 


2N1770-78 


o° 180° 


CON DUCTION 
NGLE 


Cs 
= a 
5 ° 

~ 

~ 

~ 


wy 
7 
Hi 
ii 
Ai 
ane 
7 


60 OR BLETNG hx fd 50 ig 400 pre 190° 
I t 
NOTE 2-RATINGS ARE DERIVED FOR 0.25 WATT GATE AVERAGE POWER 
40 DISSIPATION. FOR HIGHER GATE DISSIPATION DECREASE STUD 
TEMPERATURE AT agi: OF 3.1°C PER WATT 
| |_| 
2oL-NOTE 3-11/2"X 11/2" 1S MINIMUM FIN 


| 
SIZE FOR WHICH RATINGS APPLY Ez Er 
a eee en Ba 
] 


2 3 
AVERAGE FORWARD CURRENT-AMPERES 


% 

us 

x 

fad 

a 

a 

Ww 

a 

= 
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td 
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a | 90° 
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3. MAXIMUM ALLOWABLE CASE TEMPERATURE 


CONDUCTION 
ANGLE 


AVERAGE FORWARD POWER DISSIPATION-WATTS 


10] | 2 3 4 5 6 
AVERAGE FORWARD CURRENT - AMPERES 


4, FORWARD POWER DISSIPATION 
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INSTANTANEOUS GATE VOLTAGE -— VOLTS 


NOTES : (1) SUGGESTED COOLING FIN DESIGNS. FINAL DESIGN SHOULD BE 
CHECKED TO ASSURE THAT CASE TEMPERATURE DOES NOT 
EXCEED VALUE SPECIFIED IN CURVE 3. 
(2) ALL FIN SIZES I/16" THICK COPPER~FINS PAINTED, STUD 
MOUNTED DIRECTLY TO FIN-MINIMUM FIN SPACING | INCH. 
(3) RESISTIVE OR INDUCTIVE LOAD, 50 TO 400 CPS-FREE 
5 | _—«s CONVECTION COOLING. 
(4) CURVES SHOWN ARE FOR i80° CONDUCTION ANGLE. FOR 
OTHER CONDUCTION ANGLES, MULTIPLY CURRENT SCALE _! 
BY THE FOLLOWING FACTORS: 0C-140 


120°-0.85 
4 : 90°-0.70 __ 
60°-0.60 
30°-0.45 
N SIZE 6"X 6" 


3x Kees 
2"Ke" 


2"xt ie" 


AVERAGE FORWARD CURRENT- AMPERES 


4: 


Loot 
fo] 10 20 30 40 50 60 70 80 90 100 110 


AMBIENT TEMPERATURE ~°C 


5. MAXIMUM FORWARD CURRENT VS. AMBIENT 
TEMPERATURE FOR VARIOUS FIN SIZES 


TE: 
JUNCTION TEMPERATURE,- 65°C TO +125°C 


3 
MIN. GATE CURRENT REQUIRED 
2 TO FIRE ALL UNITS AT 
a +125°C) +25°C - 65°C 
$2 Ny . y : 
suiiaatE f \\ MINIMUM GATE 
= rove : A ALL 
et weg 
e <a 0 
2 40 


INSTANTANEOUS GATE CURRENT-MA 


REPRESENTS LOCUS OF 
POSSIBLE FIRING POINTS 
FROM - 65°C TO +125°C. 
\\_SEE SHADED AREA INSERT FOR DETAIL. 
‘\ MAX ALLOWABLE INSTANTANEOUS 
GATE POWER=5.0 WATTS 


roams 


| 
MAX ALLOWABLE PEAK | 
GATE CURRENT=2.0A nal 

| 


ie] 0.4 0.8 L2 16 2.0 
INSTAN TANEOUS GATE CURRENT — AMPERES 


6. FIRING CHARACTERISTICS 
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C11 SERIES 


2N1770-78 


C11 SERIES 
2N1770-78 


300 


MAXIMUM ALLOWABLE PEAK FORWARD 
CURRENT ~- AMPERES 
3 


NOTES: (I) CURRENT RISE TIME (10% TO 90%) LIMITED TO 2.5 
MICROSECONDS MINIMUM. 

(2) GATE DRIVE: 7.0 VOLTS (OPEN CIRCUIT) 20 OHM SOURCE. 

(3) JUNCTION TEMPERATURE BEFORE SWITCHING = 125°C. 

(4) THIS CURVE MUST NOT BE USED FOR RECURRENT SWITCHING. 

SEE APPLICATION NOTES FOR FURTHER INFORMATION. 


(0) keke) 200 300 400 500 600 
PEAK FORWARD BLOCKING VOLTAGE PRIOR TO SWITCHING - VOLTS 


7. PEAK NON-RECURRENT SURGE CURRENT 
DURING TURN-ON TIME INTERVAL 


hed TO -20°C SEASe 


NOTES: (1) FOR CALCULATING 12% RATINGS 
(2) JUNCTION TEMPERATURE 
-65°C TO +125°C 


60 
me TO+125 °C 


50 


40 


30 


20 


FORWARD SURGE CURRENT —AMPERES RMS 


LO 1.5 2 3 4 5 6 7 83 
PULSE TIME -MILLISECONDS 


8. MAXIMUM ALLOWABLE NON-RECURRENT SUB-CYCLE 
SURGE CURRENT RATING 
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PEAK HALF SINE WAVE FORWARD CURRENT-AMPERES 


NOTES: (1) AT RATED LOAD CONDITIONS 


| 2 3 4 5 678910 20 30 40 50 60 
CYCLES AT 60 CPS 


9. MAXIMUM ALLOWABLE NON-RECURRENT 
SURGE CURRENT RATING 


NOTE : CURVE DEFINES TEMP RISE OF JUNCTION ABOVE Sead 
CASE FOR SINGLE LOAD PULSE OF DURATION t. PEAK 
ALLOWABLE DISSIPATION IN RECTIFIER FOR TIME ¢, IF 
STARTING FROM CASE TEMP, EQUALS 125°C (MAX 
Ty)MINUS MAXIMUM CASE TEMP DIVIDED BY THE 
TRANSIENT THERMAL IMPEDANCE: 


FOR OPTIMUM RATINGS AND FURTHER INFORMATION, SEE PUBLICATION 200.9 
ENTITLED "POWER SEMICONDUCTOR RATINGS UNDER TRANSIENT A 
INTERMITTENT LOADS.“ 


2 5 5 10 20 §0 100 
TIME (1)- SECONDS 


TRANSIENT THERMAL IMPEDANCE - °C/ WATT 


10. MAXIMUM TRANSIENT THERMAL RESISTANCE 
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2N1842-50 


i 


N1792 SEE C52 SERIES 
N2023-31 SEE C60 SERIES 


The 2N1842 through 2N1850 Series of Silicon Controlled Rectifiers are reverse blocking triode 
thyristor semiconductor devices for use in medium power switching and phase control applica- 
tions requiring blocking voltages up to 500 volts, and average load currents (single-phase, 180° 
conduction angle) up to 10 amperes. 


General Electric’s types C35, C37 and C137 SCR’s are recommended for higher voltage ratings 
and where higher levels of performance are required for a device of this size. 


Type 
C35 
C37 
C137 


PEAK FORWARD BLOCKING| PEAK FORWARD VOLTAGE, 


Publication Number 


160.20 
160.23 
160.45 


MAXIMUM ALLOWABLE RATINGS 


VOLTAGE, Virox PFV~ 


REPETITIVE PEAK REVERSE 
VOLTAGE, Vrom (rep) 


NON-REPETITIVE PEAK REVERSE 
VOLTAGE (<5 MILLISEC.) 
Vaom (non-rep)? 


2N1842 
2N1843 
2N1844 
2N1845 


2N1846 
2N1847 
2N1848 
2N1849 
2N1850 


Tc = —40°C +100°C Tc = —40°C +100°C Tc = —40°C +100°C To = —40°C +100°C 

25 Volts* 385 Volts 25 Volts* 35 Volts* 

50 Volts* 75 Volts 50 Volts* 75 Volts* 
100 Volts* 150 Volts 100 Volts* 150 Volts* 
150 Volts* 225 Volts 150 Volts* 225 Volts* 
200 Volts* 300 Volts 200 Volts* 300 Volts* 
250 Volts* 350 Volts 250 Volts* 850 Volts* 
800 Volts* 400 Volts 3800 Volts* 400 Volts* 
400 Volts* 500 Volts 400 Volts* 500 Volts* 
500 Volts* 600 Volts 500 Volts* 600 Volts* 


“Values apply for zero or negative gate voltage only. Maximum case to ambient thermal resistance for which maximum Vrom and 
Vrom ratings apply equals 11°C per watt. 
Cells with higher PF V ratings are available upon request. 


RMS Forward Current, On-State 
Average Forward Current, On-State 
Rate of Rise of Forward Current, On-State, di/dt 
Peak One-cycle Surge Forward Current, In (surge) 


I*t (for fusing) 


16 amperes (all conduction angles) 


Depends on conduction angle (see Charts 3 and 4) 
10 amperes per microsecond 


125 amperes* 


Peak Gate Power Dissipation, Pex 
Average Gate Power Dissipation, Pg (av) 
* Peak Forward Gate Voltage, Vera 
Peak Reverse Gate Voltage, Versa 


Storage Temperature, Tate 
Operating Temperature, T; 
Stud Torque 


40 ampere? seconds (for times =1.5 milliseconds) 


5 watts* 


0.5 watt* 


10 volts* 


5 volts* 


—40°C to +125°C* 


—40°C to +100°C* 


30 Ib-in (35 kg-cm) 


*Indicates Data included on JEDEC type number registration. 


**NOT TO EXCEED GATE POWER RATINGS 
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2N1842-50 


CHARACTERISTICS 


PEAK REVERSE OR 
FORWARD BLOCKING Tc = —40°C to +100°C 


CURRENT+ 
2N1842 7 Vrox = Vrom 25V Peak 
2N1843 
2N1844 
2N1845 
2N1846 
2N1847 
2N1848 
2N1849 
2N1850 


FULL CYCLE AVG. Texcayy 
REVERSE OR FORWARD or Tc = +35°C, Io = 10A 
BLOCKING CURRENT+ Texaayv 180° Conduction Angle 


2N1843 
2N1844 
2N1845 
2N1846 
2N1847 
2N1848 
2N1849 
2N1850 


2N1842 S Vaxm = Vrxm = 25V Peak 


GATE TRIGGER CURRENT 
GATE TRIGGER VOLTAGE 


PEAK ON-VOLTAGE 


EFFECTIVE THERMAL 
RESISTANCE (DC) 


Values apply for zero or negative gate voltage only. Maximum case to ambient thermal resistance for which maximum 
Vrom and Vrom ratings apply equals 11°C/watt. 
*Indicates data included on JEDEC type number registration. 


OUTLINE DRAWING 


NOTES: 
1. Complete threads to extend to 
Lt . NCHES MILLIMETERS 
within 2% threads of seating (COMPLIES WITH JEDEC TO-48) SVMBOL ain, ee ON ee 
plane. Diameter of unthreaded 7 g 7 . 


portion .249” (6.32MM) Maxi- 
mum, .220” (5.59MM) Minimum, 

2. Angular orientation of these 
terminals is undefined. 

3. 4-28 UNF-2A. Maximum pitch 
diameter of plated threads shall 
be basic pitch diameter .2268” 
{5.76MM), minimum pitch diam- 
eter .2225” (5.66MM), reference: 
screw thread standards for Fed- 
eral Service 1957, Handbook 
H28, 1957, P1. 

4. A chamfer (or undercut) on one 
or both ends of hexagonal por- 
tions is optional. 

5. Case is anode connection. 

6. Large terminal is cathode con- 

7 


nection. 


. Small terminal is gate connec- N A 
tion. SEE NOTES 
8. Insulating kit available upon re- Ji 2a7 
quest. SEATING 
A. %4-28 steel nut, Ni. plated, .178 PLANE J 
min. thk. 


B. Ext. tooth lockwasher, 
steel, Ni. plated, .023 min. thk. 
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2N1842-50 


i 


JUNCTION 
TEMPERATURE * 25°C 


oto ee 
NOTES: 
(I) FREQUENCY = 50 TO 400Hz 
4 (2) JUNC TION TEMPERATURE =100°C 
(3)CURVES APPLY FORANODE CURRENT, 
( RATE OM RISES IOAME BER MICRO WC 
180° 


180? MA: 
° |gongucronts era X | 


40) 


20 


CONDUCTION 
ANGLE #30° 


LAL 
Lt LALLY 
ger 


is 
' 


a 


ite) 


MAXIMUM AVERAGE FORWARD POWER 
DISSIPATION - WATTS 


| 


INSTANTANEOUS FORWARD CURRENT - AMPERES 


7 | 4 C ° 2 4 6 10 2 14 16 
AVERAGE FORWARD CURRENT - AMPERES 
J 
04 ~ + 
INCREASES TO FORWARD BREAKOVER VOLTAGE 
ol 
\ 2 3 4 2. FORWARD POWER DISSIPATION 
INSTANTANEOUS ON~ VOLTAGE- VOLTS FOR SINUSOIDAL CURRENT WAVEFORM 
1. MAXIMUM FORWARD CHARACTERISTICS—-ON-STATE 
T T T 1 epee T T T T T T 
IOTES: (1) Ant OR INQUCTIVE LOAD, 50 TO 400Hz FREE 
CONVECTION COOLIN S| 
(2) conves SHOWN ARE. TOR 180* CONDUCTION ANGLE 
7 FOR OTHER CONOUCTION ANGLES, MULTIPLY CURRENT pS as | 
VALUES BY FOLLOWING FACTORS: I20°-0-91 
See 
100 NOTES: ™ a CORR ST aaa T ee =88 
. (I) RESISTIVE OR INDUCTIVE LOAD, 50 TO400Hz. | nw USE CURVES FOR DC, | ciRcuiTS! ‘ey CHOOSING 
TNS entnepaainnsicn cs wart sence one é eck an cele tidia id 
= 80 ~ RY <3) MAXIMUM THERMAL RESISTANCE (CASE TO - : (4) pan ots [416" THICK COPPER weitt eI & Missy Tye 50% 
3 AMBIENT) = 11°C PER WATT. <5 MOUNTED DIRECTLY TO COPPER FIN, MINI co] 
va FIN OSPRCING 3a. 
§ \ (4) CURVES APPLY FOR ANODE CURRENT & 
RATE OF RISE=1O AMPERES PER ry 
iw MICROSECOND MAX. 13 
6 ~~ = 34 
3 NNN LF g 
Ww 
3 No mi — B 
w 
= < 
=} 
= 
3 a 
; oC en | 
16 °% 20 40 60 80 100 (20 140 160 180 200 
AVERAGE cROnwane CURRENT OMeERES AMBIENT TEMPERATURE —°C 
3. MAXIMUM ALLOWABLE CASE TEMPERATURE 4. SUGGESTED MAXIMUM CURRENT VS. AMBIENT 
FOR SINUSOIDAL CURRENT WAVEFORM TEMPERATURE FOR VARIOUS FIN SIZES 
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2N1842-50 


es ees 
JUNCTION TEMPERATURE 
| ~40°C TO + 100°C 
— + +--—4 
MIN. GATE CURRENT REQUIRED 
sa TO TRIGGER ALL UNITS AT: Saas 
4 4 = 
=40°C 
is | | 
mee 3a 
2 SN: 
BF N R at] 
Zw 
Ege |_t 
an 140 Te 
te eg 4 NOTE: JUNCTION TEMPERATURE 
Zw MAX.GATE VOLTAGE THAT + 120 IMMEDIATELY PRIOR TO 
o 5 WILLNOT TRIG ANY UNITS AT: | SURGE -40°C TO +100°C 


+100°C = 0.3V 
50 {00 150 200° 
INSTANTANEOUS GATE CURRENT-MILLIAMPERES | 


SHADED AREA REPRESENTS 
LOCUS OF POSSIBLE TRIGGERI 
POINTS FROM ~40°C TO +100°C 


a 0 as 
a 


o 


a 


PEAK HALF SINE WAVE 
FORWARD CURRENT— AMPERES 


MAX ALLOWABLE GATE 
POWER DISSIPATION250 
WATTS. 


i 


INSTANTANEOUS GATE VOLTAGE — VOLTS 


% 4 8 12 16 20 CYCLES AT 60 Hz 
INSTANTANEOUS GATE CURRENT- AMPERES 


6. MAXIMUM ALLOWABLE NON-RECURRENT PEAK SURGE 
5. GATE TRIGGERING CHARACTERISTICS FORWARD CURRENT AT RATED LOAD CONDITIONS 


3.0 


__| 


25 


IMPEDANCE-°C PER WATT 
nN 
oOo 


(i) CURVE DEFINES TEMP RISE OF JUNCTION ABOVE 
CASE TEMPERATURE FOR SINGLE LOAD PULSE 
OF DURATION t PEAK. ALLOWABLE DISSIPATION 
IN SCR, FOR TIME t, STARTING FROM CASE 
TEMPERATURE EQUALS 100°C (MAX T,) MINUS 
CASE TEMPERATURE DIVIDED BY THE TRANSIENT 
THERMAL IMPEDANCE: 
100°c-Tc 

PPEAK= a= CTT 
(2) FOR OPTIMUM RATINGS AND FURTHER 
INFORMATION, SEE PUBLICATION 200.9 
ENTITLED POWER SEMICONDUCTOR RATINGS ii 
UNDER TRANSIENT AND INTERMITTENT LOADS. 


THERMAL 


° 
a 


ett 
bal 
: 


‘ 0.1 0.2 0.5 1.0 2.0 5.0 ° 20 50 


02 05 100 
TIME (t)- SECONDS 
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7. MAXIMUM TRANSIENT THERMAL IMPEDANCE— 
JUNCTION TO CASE 
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Silicon Unijunction | 
Transistor 


2N2322-29 SEE C5 SERIES 


The General Electric Silicon Unijunction Transistor is a three terminal device 
having a stable ‘‘N’’ type negative resistance characteristic over a wide tempera- 
ture range. A stable peak point voltage, a low peak point current, and a high 
pulse current rating make this device useful in oscillators, timing circuits, trigger 
circuits and pulse generators where it can serve the purpose of two conventional 
silicon or germanium transistors. 

The 2N2160 is intended for hobbyist applications where circuit economy is of 
primary importance. This transistor features Fixed-Bed Construction and is her- 


metically sealed in a welded case. All leads are electrically isolated from the case. ro Ses 
absol ute maxim um rati ngs: (25°C) (unless otherwise specified) hdd en a Ieyeseuu 
a ‘Measured from man diameter of [ke a 
RMS Power Dissipation 450 mw! Seaweed a 
RMS Emitter Current 50 ma Sore mrad oo 
Peak Emitter Current 2 amperes " *_ 1-200 2010-+ 
Emitter Reverse Voltage 30 volts vetor ; 
Interbase Voltage 35 volts We By ie 
Operating Temperature Range -65°C to +140°C sit tino 2} LNT 
Storage Temperature Range -65°C to +150°C pected slo ge onsiwore2) 


electrical characteristics: (25°C) (unless otherwise specified) 


Note Min. Max. Units 
Intrinsic Standoff Ratio (V gz =10V) N 2 0.47 0.80 
Interbase Resistance (V pp =3V, I; =0) Rake 3 4.0 12.0 Kohms 
Modulated Interbase Current (V gg =10V, I ;-=50ma) I samop) 6.8 30 ma 
Emitter Reverse Current (Vp2z =30V, Ip, =O) leo 12 ua 
Peak Point Emitter Current (V gg =25V) Ip 25 ua 
Valley Point Current (V pp =20V, Rg: =100 ohms) Iy 8 ma 
Base-One Peak Pulse Voltage (See Circuit Shown) Vos 3.0 volts 


Notes: 
(1) Derate 3.9 mw/°C increase in ambient temperature (Thermal Resistance to case = 0.16°C/mw). 
(2) The intrinsic standoff ratio, y , is essentially constant with temperature and interbase voltage. 
is defined by the equation: 
200 
T. 


J 


Vp = Vee Sr 


Where Vp = Peak point emitter voltage 
Vesp = Interbase voltage 
T; = Junction Temperature (Degrees Kelvin) 
(3) The interbase resistance is nearly ohmic and increases with temperature in a well-defined manner. The 
temperature coefficient at 25°C is approximately 0.8%/°C. 
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2N2344-48 


2N2417-22 SEE GES2417 
2N2483 SEE GES2483 


The 2N2344 series of Silicon Controlled Rectifiers are reverse blocking thyristors for use in 
low power switching and control applications. This series features maximum gate sensitivity 
and high external gate-cathode shunting resistance. The specified blocking voltages are con- 
sistent with the Maximum Junction Temperature limit, permitting simple, straightforward 
circuit design. 


e All welded construction 

e Glass to metal seals 

e Low holding current 

e Extremely high gate sensitivity (Igy = 20 uA) 

e Single-ended package ideal for printed circuit applications 


maximum allowable ratings 


Working and Repetitive Non-Repetitive Peak 
Peak Reverse Voltage Reverse Voltage 
Vrou(wkg) & Vrou(rep) (<5 Millisec.), Vrou(non-rep) 

T; = —65°C to + 100°C T; = —65°C to +100°C 


2N2344 25 Volts* 25 Volts* 40 Volts* 
2N2345 50 Volts* 50 Volts* 75 Volts* 
2N2346 100 Volts* 100 Volts* 150 Volts* 
2N2347 150 Volts* 150 Volts* 225 Volts* 
2N2348 200 Volts* 200 Volts* 300 Volts* 


With 40,000 ohms or less connected from gate to cathode. 


Peak Forward 
Blocking Voltage, Vexut 
T; = —65°C to + 100°C 


Peak Forward Voltage, PFV. 660.200. ccc cece eee 300 Volts 

RMS Forward Current.....0 0000. cece cep. 1.6 Amperes 

Average Forward Current, On-state... 0.000000 cece cece eee Depends on conduction angle 
(see charts 8 and 4) 

Peak One Cycle Surge Forward Current, non-repetitive, Im (surge)...................... 15 Amperes* 

Peak Gate Power, Pow... 2.000 bbe bebe bbb ecb epee, 0.1 Watt* 

Average Gate Power, Peuv.....0 000.0000 bebe bebe b eee e eee. 0.01 Watt* 

Peak Gate Current, Iorm. 00... ccc bebe bbc b bee eee eee. 0.1 Ampere* 

Peak Gate Voltage, Forward & Reverse, Voru & Varm.. 00.00.0000 0c eee 6 Volts* 

Storage Temperature ..0. 1.200. c cece eb eee been, —65°C to +150°C* 

Operating Temperature 2.00.20. cee c ecb e eee eey —65°C to +-100°C* 


*Indicates data included on JEDEC type number registration. 
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SS 


2N2344-48 


characteristics 


Vnrx — Rated Vrom (rep), 
j= +25°C, 
Rex = 40,000 ohms 


100* Vux = Rated Vrom (rep), 
T; = +100°C, 
Rex — 40,000 ohms 


Fx = Rated Vexm, 


, T; = +25°C, 

Rex = 40,000 ohms 
100* Vrx = Rated Verxm, 

Tx = +100°C, 
Rex = 40, 000 ohms 
uAde Mes = +6 Vde, Ts = +25°C, 

= 100 ohms max. 

Vex = +6 Vde, T; = —65°C, 


Ri = 100 ohms max. 


10 uAdec Vex — +6 Vde, Ts = +25°C, 
Ri = 100 ohms max. 
Rex = 40,000 ohms 
Ver 0.35 Vde Vrx = +6 Vde, Ts = +25°C, 
Ri = 100 ohms max. 


FORWARD BLOCKING CURRENT 


GATE TRIGGER CURRENT 


GATE SUPPLY TRIGGER CURREN 


GATE TRIGGER VOLTAGE 


PEAK ON-VOLTAGE 
HOLDING CURRENT 


TURN-ON TIME 
DELAY TIME 
RISE TIME 
TURN-OFF TIME 


ler 


Gs 


1.0* Vde Vrx = +6 Vde, T; = —65°C, 
Ri = 100 ohms max. 


Ipu = 3.14 amps, 
= +25°C, 
Rae = = 40, 006 ohms 


1.0* Rex = om 000 ohms, 
T; = 25°C 


ee 
= [nase | Tamp, T = 25° | 
= Ip = 1 amp, Ts = 25°C 


iy = 1 amp, ir = 1 amp 
dv/dt = 20v/sec. 

Rex = 100 ohms, T= 100°C 
(See Application Notes) 


*Includes data included on JEDEC type number registration. 


OUTLINE DRAWING 
(Conforms to JEDEC TO-5 Package Outline) 


2260 1.500 
"240 MIN. 
ANODE LEAD 
NOTE 1: THIS ZONE IS CONTROLLED FOR AUTO- (GROUNDED 
MATIC HANDLING. THE VARIATION iN ACTUAL TO HOUSING) a 
DIAMETER WITHIN THIS ZONE SHALL NOT 
EXCEEO .010. O17 DIA. 
NOTE 2. MEASURED FROM MAX. DIAMETER OF 
THE ACTUAL DEVICE. = 00 
NOTE 3: THE SPECIFIED LEAD DIAMETER APPLIES q TRUE DIA 
IN THE ZONE BETWEEN .050 AND 250 FROM 
THE BASE SEAT, BETWEEN .250 AND 1.5 MAX- .210 MAX 
IMUM OF .021 DIAMETER IS HELD. OUTSIDE OF ‘190 MIN. 
THESE ZONES THE LEAD DIAMETER IS NOT 
CONTROLLED. LEADS MAY BE INSERTED, WITHOUT | 
DAMAGE, IN .031 HOLES WHILE DEVICE ENTERS — 
371 HOLE CONCENTRIC WITH LEAD HOLE CIRCLE. 4 004 
APROX WEIGHT: .05 OZ GATE 
ALL DIMENSIONS IN INCHES 4 wa 
; CATHODE ! A 
(NOTE 3) Saas MAx 
029 MIN. 
(NOTE 2) 
45°+3° 
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JUNCTION 120 
}—-TEMPE RATURE 1 4 
= 100°C I. 
10 
Ine NOTE: 40,000 OHM RESISTOR CONNECTED 
te FROM GATE TO CATHODE. 
ane 


° 
o 


60 


a Eee 


—| 
TION TEMPERATURE, 


40 


+ NOTE. ON VOLTAGE 
MEASURED AT A POINT ON 


LEADS 1/2 INCH FROM 
BOTTOM OF CASE 


MAXIMUM AT 100°C JUNC 


oo10 


20 


TYPICAL AT 100°C) 


ance tases 
TYPICAL 


INSTANTANEOUS BLOCKING CURRENT —-—MICROAMPERES 


INSTANTANEOUS FORWARD CURRENT -AMPERES 


AT 25°C 
z % 10 20 30 40 50 60 70 80 90 100 
208 iT \ecneaeee we reewrol — INSTANTANEOUS APPLIED VOLTAGE (PERCENT OF RATED VOLTAGE ) 
BREAKOVER VOLTAGE 
=e = 2. TYPICAL AND MAXIMUM FORWARD AND REVERSE 
° to 2.0 30 40 5.0 BLOCKING CHARACTERISTICS 


INSTANTANEOUS ON VOLTAGE - VOLTS 


1. MAXIMUM FORWARD CHARACTERISTICS 
CONDUCTING STATE 


NOTES: 
| RESISTIVE OR INDUCTIVE LOAD, 60 CPS 

130 2 RATINGS DERIVED FOR OO! WATT AVERAGE GATE POWER 

3. CASE TEMPERATURE iS MEASURED AT A POINT iN THE CENTER 

OF THE BOTTOM OF THE CASE 


| | NOTES: 
130 RESISTIVE OR INDUCTIVE LOAD, 
60 CPS. 
2.RATINGS DERIVED FOR 0.01 WATT 
120 [- AVERAGE GATE POWER 


+. 4 mS 


100 


CONDUCTION 
ANGLE 


=" = 
SSE 
ANNs 
eel aN 


MAXIMUM ALLOWABLE AMBIENT TEMPERATURE -°C 


¢ 
See 
; 


oe 180° 


CONDUCTION 
ANGLE 


Q o2 0.4 0.6 o8 1.0 te 1.4 1.6 1.8 
AVERAGE FORWARO CURRENT -AMPERES 


3. MAXIMUM ALLOWABLE CASE TEMPERATURE 


MAXIMUM ALLOWABLE CASE TEMPERATURE °C 


° O1 02 03 0.4 Os 0.6 a7 
AVERAGE FORWARO CURRENT -AMPERES 


4. MAXIMUM ALLOWABLE AMBIENT TEMPERATURE 
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5 ahs 
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0.2 rene as 
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AVERAGE FORWARD CURRENT-AMPERES 


5. FORWARD POWER DISSIPATION 


INSTANTANEOUS GATE VOLTAGE- VOLTS 


6. GATE TRIGGERING CHARACTERISTICS 


T T TT TT T 


FIRING POINTS FROM~6S°C TO + 


TT T 


loo°c 


MIN GATE SUPPLY CURRENT 
REQUIRED TO FIRE ALL UNITS. 


NOTES: 
(Il) SHADED AREA REPRESENTS LOCUS OF POSSIBLE 


(2) JUNCTION TEMPERATURE ~ 65°C TO +100°C 
{3) 6 VOLTS DC ANODE TO CATHODE 
(4) 40,000 OHM RESISTOR FROM GATE TO CATHODE 

AS SHOWN IN CIRCUIT BELOW: 


MIN, GATE, 
VOLTAGE 
REQUIRED 
TO FIRE 
ALL UNITS 


VOLTAGE -VOLTS 
io) 
a 


INSTANTANEOUS GATE 


WILL NOT FIRE ANY UNITS: 


MAX GATE VOLTAGE THAT 
AT 100°C. 


(o) 20 40 60 80 100 
CURRENT~ MICROAMPERES 


INSTANTANEOUS GATE SUPPLY 


120 


140 


6 VOLTS 


ir 


a) 


0.2 04 0.6 0.8 


10 


12 


14 


INSTANTANEOUS GATE SUPPLY CURRENT-—MILLIAMPERES 


NOTE: (1) JUNCTION TO ANODE- 


(2) CELL LEAD MOUNTED, NO HEAT SINK 


' 


100 if 


| 


ia | 


| | 


| | 


AO 
N 


nN 


TRANSIENT THERMAL 
IMPEDANCE - °C PER WATT 
ao 


| 
0.001 


7. MAXIMUM TRANSIENT THERMAL IMPEDANCE 


0.01 


Ol 


TIME IN SECONDS 
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Silicon Unijunction 
Transistors 


Operating Temperature Range 


Storage Temperature Range 


The General Electric 2N2646 and 2N2647 Silicon Unijunction Transistors have an entirely new structure 
resulting in lower saturation voltage, peak-point current and valley current as well as a much higher base- 
one peak pulse boltage. In addition, these devices are much faster switches. 

The 2N2646 is intended for general purpose industrial applications where circuit economy is of primary 
importance, and is ideal for use in firing circuits for Silicon Controlled Rectifiers and other applications 
where a guaranteed minimum pulse amplitude is required. The 2N2647 is intended for applications where 
a low emitter leakage current and a low peak point emitter current (trigger current) are required 
(i.e. long timing applications), and also for triggering high power SCR’s. 


absolute maximum ratings: (25°C) (unless otherwise specified) 


Power Dissipation (Note 1) 300 mw 

RMS Emitter Current 50 ma 

Peak Emitter Current (Note 2) 2 amperes 
Emitter Reverse Voltage 30 volts 
Interbase Voltage 35 volts 


—65°C to +125°C 
—65°C to +150°C 


MOTE E Mac diameter leads at a gagmg 
How dase seat. 
ta be within O07 of thew true location 
relative to maa. width tab and fo the max 
240 dhamater measured with a suitable 
gage. When gage 1s not used, measure 
ment will De made at base seat 

WOTE 2: Lead diameter «5 controlled 1 ' 
the zone between 050 and 260 fram the 
baie seat, Between 250 and end af lead 


plane 054 + 001.000 be 


amax ot O21 1s held 


WOTE 3: Calculated by measuring flange 
diameter including tab and excluding tab 
and subtracting the smatler diameter from 


the larger dvameter 


APPROX WEIGHT 015 OZ 
ALL OIMENSIONS IN INCHES. 


LEAD! 
& 


electrical characteristics: (25°C) (untess otherwise specified) 


PARAMETER 


Intrinsic Standoff Ratio (Vas = 10V) 
Interbase Resistance (Vas = 3V, In = 0) 


Emitter Saturation Voltage (Vus = 10V, In = 50 ma) 
Modulated Interbase Current (Vas = 10V, In = 50 ma) 


Emitter Reverse Current (Vnor = 30V, Im = 0) 
Peak Point Emitter Current (Van = 25V) 

Valley Point Current (Van = 20V, Rae = 1002) 
Base-One Peak Pulse Voltage (Note 3) 

SCR Firing Conditions (See Figure 26, back page) 


1. Derate 3.0 MW/°C increase in ambient temperature. 
The total power dissipation (available power to Emit- 
ter and Base-Two) must be limited by the external 
circuitry. 

2. Capacitor discharge—10yzfd or less, 30 volts or less. 

3. The Base-One Peak Pulse Voltage is measured in the 
circuit below. This specification on the 2N2646 and 
2N2647 is used to ensure a minimum pulse amplitude 
for applications in SCR firing circuits and other 
types of pulse circuits. 


2N2646 

Min. Typ. Max. Min. 
n 0.56 0.69 0.75 0.68 
Rano 4.7 6.7 9.1 4.7 
Viewaty 2 
Treason) 24 
Tro -001 12 
Ip 0.8 5 
ly 4 5 8 
Vor: 3.0 8.5 6.0 


4, The intrinsie standoff ratio, 7, is essentially constant 
with temperature and interbase voltage. » is defined 
by the equation: 


Vp = 4 Vue + Vo 


Where Ve = Peak Point Emitter Voltage 
Vas = Interbase Voltage 


Vp = Junction Diode Drop (Approx. .6V) 
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030 Max | 
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3 LEADS 
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GROUNDED 
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(Nore 3) 


2N2647 

Typ. Max. 
0.77 0.82 
6.7 9.1 

2 

27 
-001 .200 
1.0 2 
9 18 

9.5 


O36 MIN 


Ta= 125°C 


Ta= -55°C 


2N2646, 7 
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€MITTER CURRENT ~I_-MILLIAMPERES 


FIGURE 10 


INTERBASE VOLTAGE -Vog-VOLTS: 


FIGURE 12 


BASE TWO CURRENT -Igg-MILLIAMPERES 


FIGURE 11 
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INTERBASE CHARACTERISTICS AT ANY 
AMBIENT TEMPERATURE MAY BE 
DETERMINED BY DIVIDING THE 
HORIZONTAL SCALE BY Kp FROM 


NORMALIZED Ig, (MOD} 


IZED Vg, (SAT) VS TEMP 
-_——_——_——  —{ 


Te *5OMA 


Tart 25°C 


LIZED Ve (SAT) VS Veg 


“NORMALIZED PaRAMeTER 


CNORMALIZED PARAMETER | 


VALLEY POINT CURRENT-L,y -MILLIAMPERES 


INTERBASE VOLTAGE -Vgg— VOLTS 


FIGURE 20 


EMITTER VOLTAGE FALL TIME-t, -MICROSECONDS 


CAPACITANCE -C; ~MICROFARADS 


FIGURE 22 


NORMALIZED BASE-ONE PEAK PULSE VOLTAGE 
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FIGURE 24 
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MINIMUM SUPPLY VOLTAGE bai] — VOLTS 


-Ol 0.1 ‘ lo 
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FIGURE 26A-Both types- Lo &med. SCR's 


NORMALIZED BASE-ONE PEAK PULSE VOLTAGE 
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FIGURE 23 


NORMALIZED BASE-ONE PEAK PULSE VOLTAGE 
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FIGURE 26B-2N2647-Hi Current SCR's 


! Silicon 
Transistors 


2N2711,2 


The 2N2711 and 2N2712 are planar passivated NPN Silicon transistors specifically manufactured 
for radio and general purpose commercial applications. They are housed in an epoxy case and are 
intended to perform all small signal functions in a conventional AM radio. 


absolute maximum ratings: (25°C) (untess otherwise specified) 


2N2711 
2N2712 
Voltages 
Collector to Emitter Vero 18 volts 
Emitter to Base Verso 5 volts 
Collector to Base Voso 18 volts DIMENSIONS WITHIN ‘JEDEC + ss 4 
OUTLINE TO-986 190 
Current ies | 
Collector* (Steady State) Ic 100 mA tore aewen O10 30 om test an 
ing plane. Between .250 and end of lead a . 268 
Dissipation max of 021 is held —1 “35 
Total Power (Free air @ 25°C) ** Py» 200 mW Selo Weariie 
Total Power (Free air @ 55°C) ** Py 120 mW ab DIMEN: WORGHES AND, ARE-, af b. ath a 
Temperature 4 «-|,002 008 
Storage T sre —55 to +125 °C 3 LEADS oa0 
Operating T; +100 °C aon rz 
ay 
*Determined from power limitations due to saturation voltage at this current. See 
**Derate 2.67 mW/°C increase in ambient temperature above 25°C. 
electrical characteristics: (25°C) (unless otherwise specified) 
2N2711 2N2712 
D-C CHARACTERISTICS Min, Typ. Max. Min. Typ. Max. 
Collector Cutoff Current (Vcz = 18V) Topo 0.5 0.5 vA 
(Ves = 18V, Tas es 100°C) Toso 15 15 pA 
Emitter Cutoff Current (Vis = 5V) Teso 0.5 0.5 uA 
Forward Current Transfer Ratio (Vczx = 4.5V, Ic = 2 mA) hra 30 90 75 225 
SMALL SIGNAL CHARACTERISTICS | 
Common Emitter (Vox = 5V, I = 2 mA, f = 455 kHz) ; ° 
Forward Current Transfer Ratio: Output a.c. Short Circuited hee 552-11 169 Z —42 
Input Impedance: Output a.c. Short Circuited hie 1040 Z —10° 25802 —41 ohms 
Reverse Voltage Transfer Ratio: Input a.c. Open Circuited Hire .027 279° .071 2 48 d 
Output Admittance: Input a.c. Open Circuited Noe 1610 Z 79° 47702 48 xmhos 
Forward Transfer Admittance: Output a.c. Short Circuited Yte .053 Z 0° .066 20 : mho 
Input Admittance: Output a.c. Short Circuited Vie 960 210° 888 2 41 : umho 
Reverse Transfer Admittance: Input a.c. Short Circuited Yre —26 290° —282 90 xumho 
Output Admittance: Input a.c. Short Circuited Yoe 170 290° 71245 umho 
HIGH FREQUENCY CHARACTERISTICS 
Collector Capacitance (Vca = 10V, In = 0, f = 1 MHz) Cobo 4.5 9 12 «4.5 9 12 pF 
NOISE 
Noise Figure (Ic = 100 vA, Vex = 5V, f = 10 kHz, BW = 1 Hz, Rg = 20002) N.F. 2.8 2.8 dB 
Signal to Noise Ratio in Typical RF Circuit (1600 kHz, 12 »V signal) S/N 22 22 dB 
NOISE VOLTAGE AND CURRENT vs. I, OPTIMUM SOURCE IMPEDANCE FOR LOW NOISE vs. I, 
oa 
eee ga ce - mal er AA a RET a eee 
[fT 2N3392, 2N3393, 2N3394 Fa FOR Peeper te 
le (iMPORMATION FROM MODEL | oo adi Ly - baie bs or EeED Senet ee nee ae 
< 310 TRANSISTOR NOISE va Mt 5 } | 
‘ - : 1000 


Le ma 
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2N2646, 7 
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Silicon 
Transistors 


2N2713,4 


The General Electric 2N2713 and 2N2714 are epoxy encapsulated planar epitaxial passivzted NPN silicon 
transistors specifically manufactured for general purpose commercial applications. They are particularly 
useful in output stages where low saturation voltage is desirable. They may also be used to advantage in 


switching applications due to their low storage time, good beta holdup to beyond 150 ma and low V 
CE(SAT). 


absolute maximum ratings: (25°C) (unless otherwise specified) 


Voltages 
Collector to Emitter Vero 18 volts 205 _y 
Emitter to Base Veso 5 volts 195 
Collector to Base Veso 18 volts j- 190 4 
Current NOTE 1: Lead diameter is controlled in the ' ost 
Collector* (Steady State) Ic 200 mA iy olive batten 250. ov cid ole a O35 6s 
5 max. of .021 is heid. “BOs 
issipation 
Total Power (Free air @ 25°C)** Py 360 mW ste Mind 
ALL DIMEN. IN INCHES AND ARE ‘MIN PLANE 
REFERENCE UNLESS TOLERANCED a ee 
Temperature }}.080* .005 
Storage Tsrs —55°C to+125 °C {| | %|.100+ 00s 
Operating T; +100 °C eis ab 105 
090 
*Determined from power limitations due to saturation voltage at this current. 07 * 5 eras 
**Derate 3.6 mw/°C increase in ambient temperature above 25°C. (NOTE 1) ane 
ass ge 


electrical characteristics: (25°C) 


DC CHARACTERISTICS Min. Typ. Max. 
Collector Cutoff Current (Vcs = 18V) Tero 0.1 pA 
Ves = 18V, Ts = 100°C) Icno 15 nA 

Emitter Cutoff Current (Ves = 5V) Teno 0.5 pA 
Forward Current Transfer Ratio (Vcx = 4.5V, Ic = 2 mA) 

2N2713 hrs 30 90 

2N2714 bre 75 225 
Collector Saturation Voltage (In = 3 mA, Ic = 50 mA) Vexwar 0.30 volts 
Base Saturation Voltage (Is = 3 mA, Ic = 50 mA) Voerwar 1.3 volts 


LARGE SIGNAL CHARACTERISTICS 


BE: — Vem 


Input Impedance & ; where condition “1” is 


In: — In 
In = .05 mA and condition “2” is In = .6 mA, Voz = 1V) hi 200 ohms 
SWITCHING SPEEDS = (Sce Figure 1) 
Delay Time ta 60 ns 
Rise Time te 85 ns 
Storage Time ts 85 ns 
Fall Time te 40 ns 
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= 2MA; f= tkHz 
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Silicon Unijunction 


Transistor 


2N2840 
| 2N2906-7 SEE GES2906-7 


The General Electric Type 2N2840 Silicon Unijunction transistor maintains its negative resistance region 
for extremely low interbase voltages. This transistor is specifically characterized for use at interbase 
voltages less than 10 volts and as low as 1.5 volts. The transistor is hermetically sealed in a welded case 
equivalent to the TO-18, except for lead orientation. Base-two is electrically common to case. 


absolute maximum ratings: (25°C) 


Power Dissipation* 300 mw 
RMS Emitter Current 50 ma 
Peak Emitter Current** 2 amps 
Emitter Reverse Voltage 30s volts 
Interbase Voltage 35 volts 
Operating Temperature Range —65 to +150 °C 
Storage Temperature Range —65to +175 °C 


*Derate 2.4 mw/°C increase in ambient temperature. Maximum power available to 
the transistor must be limited by external circuitry to be within this rating. 


**Capacitor Discharge—10 ufd or less, 30 volts or less. 


electrical characteristics: (25°C) 


PARAMETER 

Emitter Peak Point Voltage (Vss = 1.50V) 

Emitter Peak Point Current (Vass = 1.50V) 

Intrinsic Standoff Ratio (Vss — 10V) *** 

Emitter Valley Point Voltage (Vas = 1.50V) 

Emitter Valley Point Current (Vas = 1.50V) 

Emitter Base Saturation Current (Vass = 1.50V; Visi = 1.50V) 
Emitter Reverse Current (Vor = 30V; In: = 0) 

Interbase Resistance (Vas = 1.50V; In = 0) 


*#*n is defined by the equation Vp = 7 Vas + Vp where Vp ~ .5V. 


Tersat) Te 
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Ty 


Tawar 


Tzo 


Rss 


TEMPERATURE 
COEFFICIENT, MV/°C 
rox [ee | oom 


230 MAX 
209 MIN + 


WOTE f: Max. diameter leads at a gaging 198 MAX 
plane .054-+.001--.000 below base seat an 73 Mi — 

to be within 007 of their true location | 
relative to max. width tab and to the may. 
"230 diameter measured with 2 suilable 
gage. When gage is not used, measure: 
ment will be made at base seat. 

wort 2: Lead diameter is controlled in 
the zone between .050 and .250 trom the 


205 MAX 
170 MIN 


base seat. Between .250 and end of lead 030 MAX 


a max, of .021 is held. 

WOTE 2: Calculated by measuring flange 
diameter, including tab and excluding tab, 
and subtracting the smaller diameter from 
the (arger diameter 


APPROX WEIGHT O15 OZ NOTE 1} .019 MAX 
ALL DIMENSIONS IN INCHES \ ‘ame O16 MIN 
a (NOTE 2) 


LEAD! 


B2 
LEAD 4 
E THIS LEAD 
GROUNDED 
TO HOUSING 
RP as* 
BI 6 
LEAD 2 te NS 
EMITTER....E at ' 
BASE ONE... BI 
BASE TWO..B2 
046 MAX 


O32 MIN oe 
NOTE 3) 
Min. Typ. Max. 
1.30 1.4 1.50 volts 
7.5 10 pa 
62 
95 1.10 volts 
.20 .40 70 ma 
20 40 ma 
.05 wa 
4.7 7 9.1 KoQ 


EMITTER PEAK VOLTAGE Vp- VOLTS 


EMITTER VALLEY VOLTAGE -Vy- VOLTS 


NORMALIZED INTERBASE RESISTANCE (Kp) 
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TEMPERATURE - °C 


Silicon 
Transistors 


The General Electric 2N2923, 2N2924 and 2N2925 are a family of planar passivated NPN 
silicon transistors intended for general purpose applications. The planar passivated construc- 
tion assures excellent device stability and life. These high performance, high value devices 
are made possible by utilizing advanced manufacturing techniques and epoxy encapsulation. 


absolute maximum ratings: (25°C) (untess otherwise specified) 


Voltages 
Collector to Emitter Vero 25 V 205 
Emitter to Base Veso 5V DIMENSIONS WITHIN 195 
Collector to Base Verso 25 V JEDEC OUTLINE TO-98 190 
165 
NOTE 1: Lead diameter is controiled in the r 07s Tt 
Current zone between .070 and 250 from the seat- ee 
Collector (Steady State) * Tc 100 mA ing plane. Between .250 and end of lead a : 265 
max. of 021 is held. 1. 225 
Dissipation — 
Total Power (Free air at 25°C) ** Pr 360 mW -500 SEATING 
. ALL DIMEN. IN INCHES AND ARE MIN PLANE 
Total Power (Free air at 55°C) ** Pr 250 mW REFERENCE UNLESS TOLERANCED N00)! 
\-| 050+ .005 
Temperature -| | t-| 100+ 005 
Storage Tats —55 to +150°C 3 LEADS. He re 
Operating T; + 125°C or #902 > 
‘“ i ee Ae: : . (NOTE 1) 140 
_*Determined from power limitations due to saturation voltage at this current. M0 
**Derate 3.6 mW/°C increase in ambient temperature above 25°C. 


A A A A A A A SS A A A A A AS A A SS AS SS SS A SS SS LT kT 


electrical characteristics: (25°C) (untess otherwise specified) 


D-C CHARACTERISTICS Min. Typ. Max. 
Collector Cutoff Current (Vcs = 25V) Icso 0.1 pA 
(Vcs = 25V, Ts = 100°C) Icso 15 BA 
Emitter Cutoff Current (Ves = 5V) Treso 0.1 pA 
Forward Current Transfer Ratio 
(Ver = 4.5V, Ic = 2 mA) hre 
2N2923 115 
2N2924 155 
2N2925 215 
SMALL SIGNAL CHARACTERISTICS 
* Forward Current Transfer Ratio 
Von = 10V, Ic = 2mA, f = 1kHz) hee 
2N2923 90 180 
2N2924 150 300 
2N2925 235 470 
Input Impedance (Vcr = 10V, Ic = 2 mA, f = 1kHz) he 15 ohms 
| 
| HIGH FREQUENCY CHARACTERISTICS 
Collector Capacitance (Vcs = 10V, In = 0, f = 1MHz) Cero 4.5 a 10 pF 
Gain Bandwidth Product (Ic = 4 mA, Vcs = 5V) fr 160 MHz 
NOISE 
Noise Figure (Ic = 100 pA, Vez = 5V, f — 10kHz, 
BW = 1 Hz, Rg = 20000) N.F. 2.8 (2N2925 only) dB 
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Silicon 
Transistor 


The General Electric 2N2926 is a planar passivated silicon transistor intended 
for general purpose applications. The planar passivated construction assures 
excellent device stability and life. This high performance, high value device is 
made possible by advanced manufacturing techniques, epoxy encapsulation, and 
utilization of the full line distribution of hfe. This full line distribution is sup- 
plied in five beta categories, each with a 2-1 beta spread. Each beta category is 
color coded and the per cent of the total order shipped in each category is 
shown below. Significant savings may be realized by designing equipment utilizing 
all beta categories in proportions compatible with this ‘‘full line distribution’’ 
type. 


absol ute maximum rati Ngs: (25°C) (unless otherwise specified) 


Voltages 
Collector to Emitter VcEo 25 Vv 
Emitter to Base VEBO 5 Vv 
Collector to Base VcBo 25 Vv 
Current 
Collector (Steady State)* Ic 100 mA 
Dissipation 
Total Power (Free air at 25°C)** Pr 200 mW 
Total Power (Free air at 25°C)** Pr 120 mW 
Temperature 
Storage TstG -55 to +150°C 
Operating T, +100°C 
Lead Temperature, 1/16’ + 1/32”’ 
from case for 10 seconds max. TL +260°C 


*Determined from power limitations due to saturation voltage at this current. 
**Derate 2.67 mW/°C increase in ambient temperature above 25°C. 


electrical characteristics: (25°C) (unless otherwise specified) 


D-C CHARACTERISTICS 
Collector Cutoff Current 


(Vcp = 18V) Icpo 

(Vcs bead 18V, Ta = 100°C) IcRo 
Emitter Cutoff Current 

(Ves = 5V) TreBo 


SMALL SIGNAL CHARACTERISTICS 
Forward Current Transfer Ratio 
(Vce = 10V, Ic = 2ma, f = Ikc) hfe 35 


Each unit will be branded with the 2N2926 type number and will also be color 
coded to identify the A-C beta range into which it falls. Segregation of the beta 
distribution into the following five groups is provided, though it is not a require- 
ment of the JEDEC registration. Typical D-C beta is also shown for guidance 
purposes. 
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WOTE |. The specified iead 185 MAX 
diameter applies to the zone 4 ee 


between .050 and 250 from ¥ 


the base of the seat. Be. “ 
tween 250 and end of lead max 
a maximum of 021 diam- 


eter is held. Outside of these iD 
zones the lead diameter is ois 
hot controlled. x 

ine 
ALL DIMEN, IN woe | | fl f 
3 LEADS 017 4.902 
bisretor st -oxos oon 


.208 MAX 


0.5 pa 

15 pa 
0.5 pa 
470 


Color Code 


Brown 
Red 
Orange 
Yellow 
Green 


Input Impedance: 
(Vce = 10V,Ic¢ = 2ma, f = Ike) 


hiv 


HIGH FREQUENCY CHARACTERISTICS 


Collector Capacitance 

(Vcn = 10V, Ie = 0, f = Imc) 
Gain Bandwidth Product 

(lc = 2ma, Vcp = SV) 


Cop 
fr 


(Vce = 10V, Ic = 2ma, f = lke) 
Max. 


Min. 


35 
55 
90 
150 
235 


Min. 


4.5 
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70 
110 
180 
300 
470 


120 


(VcE 
Typ. 
36 
62 
115 
155 
215 


= 4.5V, Ic = 2ma) 
Content 

0-6% 
5-10% 
20-26% 
35-45% 
20-30% 


Max. 


ohm 


mec 


Silicon 
Transistors 


The General Electric 2N3390 is an NPN silicon planar passivated transistor 
designed as a small signal industrial amplifier. This device features tight beta 
control at an extremely low price. 


absolute maximum rati Ngs: (25°C) (unless otherwise specified) 


Voltages 
Collector to Emitter VEO 18 Vv 
Emitter to Base VeEBo 5 Vv 
Collector to Base Veso 18 Vv 
‘208 
Current eee i = 
Collector (Steady State)* Ig 100 ma A ee bres 
Issipath ing plane ween 2 and end of a 7 265 
Total Power (Free air at 25°C)** Py 360 mw sia ue 
Total Power (Free air at 55°C)** Py 260 mw 500. SEATING 
ALL OIMEN. IN INCHES AND ARE ] MIN PLANE 
Ti at REFERENCE UNLESS TOLERANCED \-4 a Gao ou oa 
emperature || f-[osoz. 
Storage Tost -55 to +125°C bcs ip Mee “a 
Operating Ty +125°C corr #208 oe 
*Determined from power limitations due to saturation voltage at this current. -___+__ 
**Derate 2.67 mw/°C increase in ambient temperature above 25°C. 
electrical characteristics: (25°C) cuniess otherwise specified) 
Sym. Min. Max. Units 
STATIC CHARACTERISTICS 
Collector Cutoff Current 
(Vca = 18V) Iago 0.1 pA 
(Vcp = 18V, Ta = 100°C) lego 10.0 pA 
Emitter Cutoff Current 
(Vep = 5V) IERo 0.1 pA 
Collector Cutoff Current 
(Vce = 25V) Ices 0.1 BA 
Forward Current Transfer Ratio 
(Vce = 4.5V,I1¢ = 2mA) Ree 400 800 
Collector-Emitter Breakdown Voltage 
(Ic = ImA) V(BR)CEO 25 Vv 
DYNAMIC CHARACTERISTICS 
Forward Current Transfer Ratio 
(Vce = 4.5V,I1¢ = 2mA,f = 1kHz) hy 400 1250 
Output Capacitance, Common Base 
(Vcp = 10V,I_ =0, f = IMHz) Cr 2 10 pF 
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Silicon 


Transistors 


The General Electric 2N3391 and 2N3391A are NPN silicon planar passivated 
devices intended for low noise preamplifier applications. The planar passivated 
construction assures excellent device stability and life. These high performance, 
high value transistors are made possible by utilizing advanced manufacturing 


techniques. 


absolute maximum ratings (25° C) unless otherwise specified 


Voltages 
Collector to Emitter Vero 26 
Emitter to Base Vupvo 5 
Collector to Base Vexso 25 
Current 
Collector (Steady State)“ Io 100 
Dissipation 
Total Power (Free Air @ 25°C)” Pr 360 
Pr 
Temperature 
Storage Tite —55 to +150 
Operating T; +125 
Lead Soldering, kK,” + \,” Ti +260 


from case for 10 seconds max. 


<<< 


mA 


“) Determined from power limitations due to saturation voltage at this current. 


® Derate 3.6 mW/°C increase in ambient temperautre above 25°C. 


NOTE 1: Lead diameter is controlled in the 
zone between .070 and .250 from the seat- 
ing plane. Between .250 and end of lead a 


max. of .021 is held. 


ALL DIMEN. IN INCHES AND ARE 


REFERENCE UNLESS TOLERANCED 


electrical characteristics (25°C) unless otherwise specified 


Collector Cutoff Current 


(Vos = 25V) Icao 
(Ves = 25V, Ta = 100°C) Iczo 
Emitter Cutoff Current 
Ves = 5V) Tazo 
Forward Current Transfer Ratio 
(Vow = 4.5V, Io = 2mA) bre 
SMALL SIGNAL CHARACTERISTICS 
Forward Current Transfer Ratio 
Vow = 10V, Ic = 100 wA, f = 1 KHz) hee 
Input Impedance 
Von = 10V, Io= 2mA, f = 1KHz) he 
Output Capacitance 
(Ven = 10V, In = 0, f = 1 MHz) Cx 
Gain Bandwidth Product 
(Ic = 2mA, Vos = 5 V) f, 
NOISE 
(wide band—15 Hz to 10 KHz, 
Equivalent Noise Bandwidth = 15.7 KHz) 
Noise Figure 
= 4.5V, R, = 5000 ohms) NF 


(Io = 100 pA, Ven 


@ 
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of 95% of the distribution is above this value. 
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3 LEADS 
O17 Sor 
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Silicon 
Transistors 


The General Electric 2N3392, 2N3393 and 2N3394 are NPN silicon planar passi- 
vated transistors designed as small signal amplifiers. These devices feature tight 


beta control at an extremely low price. 


absolute maximum ratings: (25°C) (uniess otherwise specified) 


Voltages 
Collector to Emitter 
Emitter to Base 
Collector to Base 


Current 


Collector (Steady State) 


Dissipation 
Total Power (free air at 25°C) 
Total Power (free air at 55°C) 


Temperature 
Storage 
Operating 
Lead Temperature, ,_” + Ke” 
from case for 10 seconds max. 


Vero 


EBO 
CBO 


Ic 


Pr 
Pr 


Tstg 


1 


Ti 


25 V 
5 V 
25 V 
100 mA 
360 mW 
260 mW 
—55 w+125 °C 
+125 °C 
+260 °C 


© Determined from power limitations due to saturation voltage at this current. 
® Derate 2.67 mw/°C increase in ambient temperature above 25°C. 


DC CHARACTERISTICS 

Collector Cutoff Current 
(Ves = 25V, Iz = 0) 
(Vos = 25V, Ts = 100°C) 


Emitter Cutoff Current 
Ves = 5V, Ic = 0) 


Collector to Emitter Voltage 
(Ic matt § mA) 


Forward Current Transfer Ratio 


Vou = 4.5V, Ic = 2 mA) 


SMALL SIGNAL CHARACTERISTICS 
| Output Capacitance 
Ves = 10V, In = 0, f = 1 MHz) 


Input Impedance 
Ven = 10V; Ic = 2mA; f = 1 KHz) 
Gain Bandwidth Product 
| (Ic = 2 mA; Ves = 5V) 


Forward Current Transfer Ratio 
(Ic = 20 mA; Ves = 5V, f = 20 MHz) 


electrical characteristics: (25°C) (unless otherwise specified) 


2N3392 
2N3393 
2N3394 


2N3393,4 
2N3392 
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DIMENSIONS WITHIN 
JEDEC OUTLINE TO-98 


NOTE 1; Lead diameter is controlled in the 
zone between .070 and .250 from the seat- 


ing plane. Between .250 and end of tead a 


max. of .021 is held. 


ALL DIMEN. IN INCHES AND ARE 


REFERENCE UNLESS 


Min. Typ. 
25 
150 
90 
55 

4.5 7 

2 7 

15 

120 

15 


TOLERANCED 


300 
110 


500 SEATING 


Oo A ‘MIN) PLANE 
“J %| 100 008 


HA 
MA 


HA 


volts 


pf 
pf 


ohms 


MHz 


7 oe asin 
— a — s — 
Vee = 10v; 1p = 1MA; f = 1KHz 
2N3392 2N3393 2N3394 t [ 
8 +--+} + + 
Forward Current Transfer Ratio hre 208 150 100 et —._ __ Yeetsar) VS Ic 
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Input Impedance hie 6000 3400 2750 ohms e 4 T¢/Ig +20 
a Ta = 25°C 
Output Admittance hoe 14.0 10.0 7.7 ywmhos $s 
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ro 
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ob | 4 ' 
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Silicon 
Transistors 


2N3395,6,7,8 


The General Electric 2N3395 through 2N3398 are NPN silicon planar passivated 
transistors designed specifically for application in small signal industrial amplifiers. 
These devices are spread types which offer tightly controlled beta groups with a 
guaranteed distribution of groups. Each group is a 2 to 1 beta category and is 
color coded. The percent of the total order to be shipped in each category is 
shown on the chart on the back of this specification sheet. Significant savings 
may be realized by designing equipment using all beta categories in proportions 
compatible with these spread types. 


absol ute maximum rati ngs: (25°C) (unless otherwise specified) 


Voltages 
Collector to Emitter Vczo 25 Vv 
Emitter to Base VeRo 5 Vv 
Collector to Base Vero 25 Vv 
Current 
Collector (Steady State)* Ie 100 ma 
Dissipation 
Total Power (Free air at 25°C)** P. 360 mw 
Total Power (Free air at 55°C)** Be 250 mw 
Temperature 
Storage TstG -55°C to +150°C 
Operating T, +125°C 
Lead Temperature, 1/16’? + 1/32’’ 

from case for 10 seconds max. T, +260°C 


* 


** Derate 3.6 mw/°C increase in ambient temperature above 25°C. 


electrical characte ristics: (25°C) (unless otherwise specified) 
DC Characteristics 


Sym. Min. 
Collector cutoff current (Vcg =25V, I; =0) IeBo 
Emitter cutoff current (V,, =5V, 1. =0) Toso 
Forward current transfer ratio (Vag. =4.5V, hee 
I, =2 ma) 2N3395 150 
2N3396 90 
2N3397 55 
2N3398 55 


Grounded-base, open circuit 
output (V., =10V) Collector 
Capacitance Cop 4.5 
(Iz =0, f=! mc) 
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Determined from power limitations due to saturation voltage at this current. 


o 


meTE 1. The specified lead 
diameter applies to the zone 
between .050 and .250 from 
the base of the seat. Be- 


zones the lead diameter is 
hot controlled. 


ga beaciebe esl [i + 


3 LEADS .017 t-00? 
(NOTE 1) 


.205 MAX 135 MAX 


>| 185 MAX fo 
peas 


Units 


pf 


2N3395, 6,7, 8 


electrical characteristics: 


GUARANTEED DISTRIBUTION 


hyp 55-110 
Color Code Red 
2N3395 
2N3390 
2N3397 0-15% 
2N3398 0-15% 


90-180 


Orange 


10-60% 


10-50% 


10-50% 


150-300 


Yellow 


35-65% 
10-60% 
10-50% 


10-50% 


250-500 
White 


35-65% 
5-35% 
5-35% 


5-35% 


400-800 
Blue 


0-15% 


A transistor line generates product with parameter variations. On General Electric Company’s economy lines the 
beta is divided into three to five separate groups from the total line. 


On the spread types, General Electric guarantees that a certain percentage of each transistor group will be 
shipped when you order the type. As an example, suppose you order 1000 pieces of the 2N3396. You may 
receive LUO orange pieces (hyp =90-180) 600 yellow pieces (hee =!50-300) and 300 white pieces (h pp =250-500). 
On the other hand, you may receive 600 orange pieces, 300 yellow pieces and 100 white pieces. This flexibility 
allows us tu balance order requirements against actual production types. The savings achieved is passed on to 
you. If you can’t use the spread types, you can still purchase our single line types such as the 2N3391, 2N3392 


and 2N3393 at extremely low prices. 
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Silicon 
Transistors 


aie SEE GES3638 === 


The General Electric Types 2N3402-2N3405 and 2N3414-2N3417 are NPN silicon 2N3649-68 SEE C140 SERIES 


planar epitaxial passivated transistors intended for general purpose industrial 
circuits. These transistors are especially suited for high level linear amplifiers or 
medium speed switching circuits in industrial control applications. 


absolute maximum ratings: (25°C) (unless otherwise specified) 


2N3402,3 2N3404,5 
2N3414,15 2N3416,17 


Voltages 
Collector to Emitter Vero 25 50 V 
Emitter to Base Veso 5 5 V 
Collector to Base Voso 25 50 V 
Current 
Collector (Steady State) * To 500 500 ma 
Dissipation 
Heatsink @ 25°C (2N3402-5)** Pr 900 mw 
ONMGe eT hte A @ er Olt Pe 560 mw ret got ara 
(2N3402-5) ing plane. Between -250 and end of lead a ‘ ia 
Total Power (Free Air @ 25°C)t Pr 360 mi - me tel held 
(2N8414-17) 500 SEATING 407 Max, ' 7 cs oof 
Total Power (Free Air @ 65°C)t Pr 260 mw ALL DIMEN. IN INCHES AND ARE o00 ‘MIN. PLANE ia cee 
(2N3414-17) REFERENCE UNLESS TOLERANCED i-4 cS Prrraees gil i 
Temperature ae) os ee seis 
Storage Toes —55 to 4-150 ee vee Me [tes “om ~enge | 
Operating i + : corr #802 oo ~ TEE x03 008 
Lead Soldering, 46” + 4” from (NOTE 1} a fo = se0 max. - —a 
case for 10 seconds max. Ti +260 °C 4 ALL DIMEN, IN INCHES AND ARE REFERENCE UNLESS TOLERANCED 
*Determined from power limitations due to saturation voltage at f ; ' ; 
this current. +Derate 4.47 mw/°C increase in ambient temperature above 25°C. 
*Derate 7.2 mw/°C increase in case temperature above 25°C. {Derate 2.67 mw/°C increase in ambient temperature above 25°C. 
. . . ‘i QO, 
electrical characteristics: (25°C) 
i ifi 2N3402,3 2N3404,5 
(unless otherwise specified) 2N3414°5 2N34167 
DC CHARACTERISTICS Min. Max. Min. Max. 
Collector Cutoff Current (Von = 25V) Toso 0.1 ua, 
(Vos = 25V, T, = 100°C) Togo 15 pa 
Collector Cutoff Current (Von = 50V) Icso 0.1 wa, 
(Ves = 50V, Ts = 100°C) Toso 15 ha 
Emitter Cutoff Current (Vex = 5V) Teso 0.1 0.1 wa, 
Collector Saturation Voltage (Ip — 3 ma, Ic = 50 ma) Vorsat 0.30 0.30 Vv 
Base Saturation Voltage (Ip = 3 ma, Ic = 50 ma) VersaD 0.85 0.85 Vv 
2N3402,4 2N3403,5 
2N3414,6 2N3415,7 
Min. Max. Min. Max. 
Forward Current Transfer Ratio (Voce = 4.5V, Ic = 2 ma) hee 75 225 180 540 
SMALL SIGNAL CHARACTERISTICS 
Forward Current Transfer Ratio Farle shee 00 h 76 180 
= 4.5V, = e 
Vc = 4.5V, Frequency of measuremen eps t ansnD onadng onsunA 2n3405 
2N3414 2N3415 2N3416 4 
Vee = 10V; Ic =1ma;f=1 Ke; Ts = 25°C 
Fseward Current Transfer Ratio here 180 330 150 300 
Input Impedance hie 5100 9000 4200 8300 ohms 
Output Admittance Hoe 14 21 10 20 umhos 
Voltage Feedback Ratio hye 27 45 2 4 x 10 
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2N3414-7 


2N3402 


2N3416 


| | 

S TEMPERATURE 
ALL TYPES 
Vo 2 BV 

1¢ =2MA 
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Silicon 
Transistors 


The General Electric 2N3662 and 2N3663 are NPN silicon planar epitaxial transistors designed 
specifically for high frequency applications. The units are suitable for use as oscillators in 
UHF television tuners. The units feature a typical circuit power gain of 19 db at 200 MHz. 


absol ute maximum rati ngs: (25°C) (unless otherwise specified) 


2N3662 2N3663 
Voltages 
Collector to Base Veso 18 80s volts 
Emitter to Base Vaso 3 3 volts 
Collector to Emitter Vero 12 12 volts ja 208, 
DIMENSIONS WITHIN 195, 
Current JEDEC OUTLINE TO-98 } 190 
Collector (Steady State) * Ic 25 25 mA NOTE 1 Lead deter i contol in he a 5 
Dissi pati on ing ‘he Stem “80a end of lead a ne 265 
max. ol is held, 225 
Total Power (Free air @ 55°C) * Pr 120 120 mW 
Total Power (Free air @ 25°C) * Pr 200 200 mW 500 ‘SEATING 
ALL DIMEN. IN INCHES AND ARE fl fl MING LPLANE 
Temperature REFERENCE UNLESS TOLERANCED 1-4 jen O802 008 
Storage Temp. Tste —55 to +125°C -4 } %-]00..oos 
Soldering Temp. 10 sec. 3 LEADS a rb80 
Yo + %o” from case 260 260 °C 7 @Erx 
iN ple as 
Operating Junction T; 100 100 «°C A 


*Derate 2.67 mW/°C for ambient above 25°C. 


electrical characteristics: (25°C) (untess otherwise specified) 


Static Characteristics 


Min, Typ. Max. 
Collector Cutoff Current (Iz = 0, Ven = 15V) Toro 0.5 pA 
(Is = 0, Ves = 18V, Ta => 85°C) Toso 5.0 pA 
Emitter Cutoff Current (Ic = 0, Ves = 2V) Isso 0.5 wA 
Forward Current Transfer Ratio (Ic = 8 mA, Vcu = 10V) hre 20 75 
Collector Saturation Voltage (Ic = 10 mA, In = 1.0 mA) Verwan 0.6 volts 
Breakdown Voltage, Emitter to Base, 
Collector Open (Iz = 100 nA) BVzzo 3 volts 
Breakdown Voltage, Collector to Emitter 
Base Open (Icto = 3 mA pulsed, pulse width = 
1 usec., 1% duty cycle) BVoxo 12 volts 
Breakdown Voltage, Collector to Base, emitter open 
(Ic = 100 nA) 2N3662 BV cro 18 volts 
2N3663 BVcso 30 volts 
Dynamic Characteristics 
Output Capacitance (In = 0, Vex = 10, f = 1 MHz) Con 0.8 1.5 pF 
(In = 0, Ves = 0, f= 1 MHz) Con 3.0 pF 
Input Capacitance (Ic = 0, Van = 0.5V, f = 1 MHz) Cir 2 pF 
Forward Current Transfer Ratio 
(Ic = 5 mA, Ven = 10V, f = 100 MHz) hee 7.0 10 21 
Power Gain (See Fig. 2) 
(Ic = 6 mA, Vez = 12V,f = 200 MHz) 2N3662 Ap 12 16 db 
2N3663 Ap 15 19 db 
Power Output (See Fig. 1) 
(Ic = 10 mA, Vea = 12V, f = 500 MHz) P, 30 mW 
Power Output (See Fig. 3) 
(Io = 10 mA, Vcc = 12V, f ~ 940 MHz) Vo 5.5 mV 
Noise Fi 
“(Io = 1 mA, Von = 6V, f = 60 MHz) (Rg = 4000) NF. 4 6.5 db 
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TYPICAL COMMON EMITTER “y” PARAMETERS 
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Collector Characteristics Ta = 25°C 
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Collector Characteristics T, —= 100°C 
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( COAX PLUMBING CONSISTS 
OF THE FOLLOWING GR AIR 
LINES OR EQUIV. 

2 TYPE 694 TEE 

I TYPE 874-020 ADJ STUB 

TYPE B74-LA ADJ. LINE 

1 TYPE 874-WN3 SHORT- 
CIRCUIT TERM. 

2.2 TURNS #16 AWG. WIRE, 
3/8°0.0., 1-1/4" LONG. 

3. 9 TURNS # 22 AWG. WIRE, 
3/16"0.0 , 1/2" LONG. 


500 MHz OSCILLATOR TEST CIRCUIT (Pg) 


Figure 1 
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ev oc 


@40MHE OSCILLATOR TEST CIRCUIT 


Figure 3 
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Vce(sat) vs. Collector Current 


44 


& 


= 


Ig/Ig «10 


n 


s 
+ 
—+ 
|__| 


9 
& 


2 
a 


Veg (SAT}- COLLECTOR SATURATION VOLTAGE - VOLTS 


i 


Jl 10 
Ic-COLLECTOR CURRENT- mA 


hg, vs. Collector Current, f= 100 MHz 


14 

i) 
f * |OOMHz 
Ta 25°C 

2 


3s 


° 


bee - SMALL SIGNAL FORWARD 
TURRENT TRANSFER RATIO 


4 


a 
i 


' 3 8 7 o " 
le - COLLECTOR CURRENT - mA 


LI=3,5 TURNS #16 TINNED 
COPPER WIRE 5/16" DIA., 7/16" 
LONG, TURNS RATIO #4 TO? 
42-8 TURNS #16 TINNED 
COPPER WIRE 1/8" O1A., 7/87 
LONG, TURN RATIO ® 5 TO! 


(3-4 70.65uH 


WEUTRALIZED 200 Mix POWER GAIN AMPLIFIER 
TEST CIRCUIT (Gre) 


Figure 2 


TYPICAL GAIN 28 DB. 
Vee S10¥, Ip * Sma 


VEE 


Tl, EACH WINDING 10 TURNS #150-S0 LITZ WIRE 
‘ON Oz TOROIO (pg +115) BIFILAR WOUND 


12, PRIMARY 10 TURNS #28 ENAMELED, SECONDARY 
CLOSE COUPLED 2 TURNS #28 ENAMELED WOUND 
ON Gs TOROIO (SIZE CF) 102, GENERAL CERAMICS 


49MH2 LF POWER GAIN 


Figure 4 


Silicon 
Transistor 


2N3721 


The General Electric 2N3721 is a NPN silicon transistor intended for general 
purpose applications. The planar passivated construction assures excellent device 
stability and life. This high performance, high value device is made possible by 
utilizing advanced manufacturing techniques and epoxy encapsulation. 


absolute maximum ratings: (25°C) cuntess otherwise specified) 


Voltages 205 _J 
Collector to emitter VcEO 18 Vv t “i95 
Emitter to base V ERO 5 Vv } #20 - 
NOTE 1: Lead diameter is controlled in th ore 
Collector to base ¥ CBO 18 ¥ zone Hsiwean ‘O70 and ‘350 from Haat ee 
Current ing plane. Between .250 and end of lead a : .265 
max. of .021 is held. “225 
Collector (steady state) lo 100 mA 
Dissipation ve a saad 500 SEATING 
a Ht . IN IN! RE 
Total Power (Free air @ 25°C) P pox 360 TW ~ ‘RercRence UNLESS. TOLERANCES N00. = 
Total Power (Free air @ 55°C) P yw 260 mW Lee eran 
w—].100F 
Temperature enae ae 105 


Storage TstG -55 to +125°C or7 £902 ea 
Operating T, +125° C (NOTE 1) as 
* Determined from power limitations due to saturation voltage at this current. a. 
** Derate 2.67 mW/°C increase in ambient temperature above 25°C. 


electrical characteristics: (25°C) (unless otherwise specified) 


DC Characteristics Min. Typ. Max. Units 

Collector cutoff current: (VCB = 18V) Icpo 0.5 BA 
(VCB = 18V, TA=100°C) Icpo \S KA 

Emitter cutoff current: (VEB=5V) TEBo 0.5 LA 


Small Signal Characteristics 
Forward current transfer ratio: (VWCE=10V, 


IC = 2 ma, f = lk Hzt) hre 60 660 
Input impedance: 
(VCE=10V,IC=2mA, f=lk Hz) hip 15 ohms 


High Frequency Characteristics 
Collector capacitance: (VCB=10V, IE=O, 


f=l MHz) C ob 4.5 7 10 pF 
Gain bandwidth product: 
(IC=4mA, VCB=5V) f, 120 MHz 


+ Hz=Hertz, equivalent to cycles per second. 
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Silicon 
Transistors 


2N3843A,4A,9A 


The General Electric 2N3843,4,5, and 2N3843A, 4A, 5A are NPN silicon planar, 


epitaxial passivated transistors designed primarily for RF and converter applica- 
tions in high performance A.M. radios. The A versions feature high signal to 
noise ratio in RF amplifier service. 

absolute maximum ratings: (25°C) (uniess otherwise specified) 


Voltages ay 
Collector to Emitter Vero 30 volts nova aid eh —+| 185 max fe 
Emitter to Base Veso 4 volts f 
Collector to Base Vices 30 volts he base 0 ie seat Be a6 
tween . and end of lea MAX 
Current : ; 
a maximum of .021 diam- 
Collector (Steady State) * is 100 mA See ede okie a 
Dissipation ola bd wae diameter is MAX 
not controlled. 
Total Power (25°C Ambient) ** Pr 200 mW 
Total Power (55°C Ambient) ** Pr 120 mW cid 


Operating T; 100 °C 3 LEADS 017 1.36) 


Temperature ALL DIMEN. IN INCHES { [ 
Storage Tsre —30 to 125 °C - 
; | 050+ .005 
. eee 


Lead Soldering 46” + 142” from (NOTE !) 
ease for 10 seconds maximum Ti 260 °C 
*Determined from power limitation due to saturation voltage at vee 


this current. 205 MAX 135 max 
**Derate 2.67mW/°C increase in ambient temperature above 25°C. 


electrical characteristics: (25°C) cuntess otherwise specified) . 


| Min. Typ. Max. 


Collector Cutoff Current (Von = 18V) Toxo 0.5 pA 

(Vea = 18V, Ta = 100°C) Ico 15 wA 
Collector-Emitter Breakdown Voltage (Ic = 1mA) BVcero 30 volts 
Emitter-Base Breakdown Voltage (In = 500 nA) BVxso 4 volts 
Forward Current Transfer Ratio 

(Vez = 4.5V, Ic = 2mA) 

2N3843,A hrr 20 40 

2N3844,A hrs 35 70 

2N3845,A hrs 60 120 
Collector Saturation Voltage (Ic = 10mA, Is = imA) Verwary 1 volt 
Output Capacitance (Vos = 10V, In = 0, f = 1Mc) Cov 2.0 3 4.0 pF 
Input Capacitance (Ven = 0.5V, In = 0, f = 1Me) Civ 15 pF 
Case Capacitance .66 pF 
Gain Band-Width Preduct (Vce = 10V, Ic = 2mA) 

2N3843,A fr 60 230 Mc 

2N3844,A fr 90 250 Mc 

2N3845,A fr 120 290 Me 
Collector Base Time Constant “rn Ce 150 psec 
Noise Figure (f = 2Mc, Ic = 1mA, Vcr = 12V, Rg = 202) 

2N3843A, 2N3844A, 2N3845A, N.F. 6.0 8.5 db 

2N3843, 2N3844, 2N3845 N.F. 10.2 db 

(f = 2Mc, Ic = 1mA, Vou = 12V, Rg = 502) 
2N3843A, 2N3844A, 2N3845A N.F. 5.5 db 
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2N3843A, 4A, 5A 


TYPICAL COMMON EMITTER “Y” PARAMETERS 
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2N3843A, 4A, 5A 


TYPICAL COMMON EMITTER “Y”" PARAMETERS 
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2N3843A, 4A, 5A 


TYPICAL ELECTRICAL CHARACTERISTICS 


FORWARD CURRENT TRANSFER RATIO VS. COLLECTOR CURRENT 
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Silicon 
Transistors 


The General Electric 2N3854,A, 2N3885,A, 2N3856,A, are NPN silicon planar 
epitaxial passivated transistors designed primarily for RF, IF and converter ap- 
plications in AM and FM receivers. Selected high voltage units are available for 


TV video amplifiers. (See typical BVceo) 


absolute maximum ratings: (25°C) (uniess otherwise specified) 


Voltages 
Collector to Emitter 2N3854, 5, 6 Vcgo 
2N3854A, 5A, 6A Vexo 
Emitter to Base Vepo 
Collector to Base 2N3854, 5, 6, Veso 


2N8854A,5A,6A Vero 


Current 

Collector (Steady State) + Ic 
Dissipation 

Total Power (Free air at 25°C) ¢ Pr 

Total Power (Free air at 55°C) t Py 
Temperature 

Storage Ts 

Operating T; 

Lead soldering, 4g + 142” from 

case for 10 sec. max. T. 


18 
30 

4 
18 
30 


100 


200 


1 


—30 to 150 
100 


260 


20 


°C 
°C 


°C 


volts 
volts 
volts 
volts 
volts 


mA 


mW 
mW 


+Determined from power limitations due to saturation voltage at this point. 
tDerate 2.67 mW/°C increase in ambient temperature above 25°C. 


2N3894,9,6 
2N3894A,0A,6A 


FM-IF STAGE GAIN OF 25 dB 
* 30 dB GAIN AT 4.5 MHz 
FM-RF GAIN OF 15 dB 

¢ TV VIDEO IF GAIN OF 21 dB 


NOTE 1: Lead diameter 1s controlled in the 
zone between .070 and .250 from the seat i Ses 
ing plane, Between .250 and end of lead a 
max. of 021 is held 


7 
.$00 SEATING 
ALL DIMEN. IN INCHES AND ARE MIN PLANE 
REFERENCE UNLESS TOLERANCED /j —t 


/ 
/ 


“050+ .005 


3 LEADS 
+.002 : 
OF ee ee tend 


(NOTE 1) 


Static Characteristics 


Collector Cutoff Current (Vcs = 18V) 
(Ves = 18V, Ta = 100°C) 


Forward Current Transfer Ratio (Vcz = 4.5V, Ic = 2mA) 
2N38854, 2N3854A 
2N3855, 2N3855A 
2N3856, 2N3856A 


Emitter—Base Breakdown Voltage (In = 500uA) 


Collector—Emitter Breakdown Voltage (Ic = 1mA) 
2N38854, 2N3855, 2N3856 
2N3854A, 2N3855A, 2N3856A 


Collector—Base Breakdown Voltage (Ic = 0.1mA) 
2N3854, 2N3855, 2N3856 
2N3854A, 2N3855A, 2N3856A 


Collector Saturation Voltage (Ic = 10mA, Is = 1mA) 


Dynamic Characteristics 
Gain Bandwidth Product (Vcu = 10V, Ic = 5mA) 
2N3854, 2N3854A 
2N3855, 2N3855A4 
2N3856, 2N3856A 


Collector—Base Time Constant (Vox = 10V, Ic = 5mA) 
2N3854, 2N3854A 
2N38855, 2N3855A 
2N3856, 2N3856A 


Output Capacitance (Vos = 10V, In = 0, f = 1 MHz) 
Input Capacitance (Van = 0.5V, In = 0, f = 1 MHz) 


Case Capacitance 


Icro 
Tero 


herr 
hrs 
hre 


BVrso 


BV ceo 
BVcro 


BV cso 
BVcso 


Vereat 
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| electrical characteristics: (25°C) (untess otherwise specified) 


100 
130 
140 


Typ. Max. Units 
0.5 pA 
15 wA 
70 
120 
200 
volts 
70 volts 
70 volts 
volts 
volts 
0.200 ~=— volts 
350 MHz 
450 MHz 
500 MHz 
25 90 psec 
35 90  ~=psec 
40 90 psec 
3.5 pF 
16 pF 
0.66 pF 
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COMMON EMITTER “‘y”’ PARAMETERS 
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2N3854, 5, 6 
2N3854A, 5A, 6A 


TYPICAL SMALL SIGNAL CHARACTERISTICS 


f= 1 kHz, Vce = 10V, le = SMA 


2N3854 2N3855 2N3856 
2N3854A 2N3855A 2N3856A 
454 741 


ohms 


Input resistance 
10.4 16.2 
65.5 113 
10.5 11.3 


Output conductance 


Forward current transfer ratio 


Reverse voltage feedback ratio 


SMALL SIGNAL 
SMALL SIGNAL SMALL SIGNAL CHARACTERISTICS 
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Silicon 


Transistors 


2N3858,9,60 


The General Electric 2N3858, 2N3859 and 2N3860 are NPN silicon, planar, 
epitaxial, passivated transistors designed primarily for AM radio I.F. and con- 


verter applications. 


absolute maximum ratings: (25°C) (uniess otherwise specified) 


Voltages 
Collector to Emitter Vero 30 volts 
Emitter to Base Vexo 4 volts 
Collector to Base Voxo 80 volts 
Current 
Collector (Steady State) * Tc 100 mA 
Dissipation 
Total Power (Free air at 25°C)}+ Pr 360 mW 
Temperature 
Storage T ste —55 to 150°C 
Operating Ts 125°C 
Lead Soldering, 4s” + %2” from Tx 260°C 


ease for 10 seconds max. 


*Determined from power limitations due to saturation voltage at 


this current. 


}Derate 3.6 mW/°C increase in ambient temperature above 25°C. 


STATIC CHARACTERISTICS 
Collector Cutoff Current (Vox = 40V) 
(T, = 100°C) 
Emitter Cutoff Current (Vex = 5V) 


Forward Current Transfer Ratio (Voce = 4.5V, Ic = 2mA) 
2N3858 
2N3859 
2N3860 


Collector—Base Breakdown Voltage (Ic = 0.1mA) 
Emitter—Base Breakdown Voltage (Iz = 0.1mA) 
Collector—Emitter Breakdown Voltage (Ic = 1mA) 
Collector Saturation Voltage (Ic = 10mA, Is = 1mA) 


DYNAMIC CHARACTERISTICS 


Gain Bandwidth Product vez = 10”. Ic = 2mA) 
2N3858 
2N3859 
2N3860 


Collector—Base Time Constant (Vce = 10V, Ic = 2mA) 
Output Capacitance, Common Base (Vcs = 10V, Iz = 0, f = 1Mc) 
Input Capacitance, Common Base (Vzp = 0.5V, Ip = 0, f = 1Mc) 


Case Capacitance 
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electrical characte ristics: (25°C) (unless otherwise specified) 


Sym. 
Iczo 
Tcso 


Teno 


hre 
hre 
hre 


BVcxo 
BV«xo 
BVcxro 


Vexwar 


NOTE 1. The specified lead —*).185 MAX is 


diameter applies to the zone 

between .050 and .250 from O75 

the base of the seat. Be- MAX 
tween .250 and end of lead 260 
a maximum of .021 diam- MAX 
eter is held. Outside of these 

zones the lead diameter is 

not controlled. 500 


(NOTE 1) 


a 


205MAX 135, max 


Min. Typ. Max. 
50 
10 
100 
60 120 
100 200 
150 300 
40 
5 
40 
0.125 
90 125 250 
90 140 250 
90 170 250 
65 150 
2.0 2.7 4.0 
10 
0.66 


ALL DIMEN. IN INCHES | yee 
3 LEADS .017 +202 — oso 050+.005 


100 +.005 


MIN 


volts 
volts 
volts 
volts 


Mc 
Mc 
Mc 


psec. 
pF 
pF 
pF 


TYPICAL COMMON EMITTER “y” PARAMETERS vs. Ic 
{= 262.5 Ke Ta=285°C 


2N3858 2N3859 2N3860 
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2N3860 


Cc 
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2N3859 


2mA, TaA=25 


=10V, Ic= 
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2N3858 


TYPICAL COMMON EMITTER “y” PARAMETERS vs. f 


2N3858, 9, 60 
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Voge - COLLECTOR VOLTAGE - VOLTS 


Voge - COLLECTOR VOLTAGE ~ VOLTS 


2N3858, 9, 60 
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PRODUCT TRANSFER RATIO 


vs. vs. 
COLLECTOR CURRENT COLLECTOR CURRENT 


- COLLECTOR VOLTAGE - VOLTS 


Vee 


2N3868 
2N3858 
2280 + = 
ad 45v 
5 Vce* 
< ttf} 
= 2N3858 ' 
© 200 
rg 
oO 
z 
< 
fg 
» 160 +H - fit iti 
z | Tan 100°C. 
2 tt dt 
§ : 1 
3 120 4 COAT =k 
2 Gags 
g L a if (a Ty 25% 
g | 
2 80 + | 
: 
“ : 
« | | Tar 55°C 
UNIN kU NITE i Hi 
Ot 02 05 A 2 5 | 2 5 10 30 6 L L U 
Ig — COLLECTOR CURRENT ~mA OF 0B os a 2 3 ot 2 5 10 20 50 100 
Ig - COLLECTOR CURRENT - mA 
2N3859 
e 2N3859 
= 
= ° 2 
So ° 280 
to 8 2 388 882338 g 
20 T] { 
Ty = 100°C 
240 potii it 4+ }ii tit 
18 ¢ Voge 54.54 
2N3859 z ba t Lf 
16 i. c 2N3859 
i 200 
3 
4 r a 2 HTT tut LLU 
= 
12 a 4 a 160 +t %r2sc 
g Hl 
lo 1 4 
2 120 
2 
8 « 
$ H+ 
= 
6 © eo | 4 Ty 0-5 5°C 
' 
t | 
4 + 2 , 
40 \Y a 
2 t | i 
i 
° LL mt ° il i 


0) 02 05 A 2 5 ! 2 5 10 3 OF 02 o5 a) 2 3 f 2 3 0 20 50 100 


Ig- COLLECTOR CURRENT - mA 
T, - COLLECTOR CURRENT - mA 


2N3860 
‘ 2N3860 
= 
- 2 9° 2° 
comme) ° 
fe & $38 38 &F 888 48 ag 88 
Voge * 4.5 VOLTS ee eS 
20 ce 
18 300 &, 
2N3860 2 2N3860_ 7 
6 = 
& 250 t 
14 3 { tilt 4 
= 
12 F 200+ rH + 
& we 
_ at ste” a 
40 E 
3 150 tt ttt | 
8 T 2 
3 a 
6 + ' © 100 AU 
‘: | 2c 
4 + Pad tyr 8 
50 t+ +t 
| amt 
re) ree el ptiiti pd i id 
Ol 02 Oo I 2 5 t 2 5 10 30 O02 oO 4 2 5 ! 2 5 0 2 50100 


Ig - COLLECTOR CURRENT - mA T,- COLLECTOR CURRENT - mA 


385 


2N3858, 9, 60 


TYPICAL ELECTRICAL CHARACTERISTICS 
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Tq COLLECTOR CURRENT - ma 


Silicon 
Transistors 


2N3858A,9A 


The General Electric 2N3858A and 2N3859A are NPN silicon, planar, epitaxial, 
passivated transistors. They are well suited as high voltage, high gain amplifiers 
and switches. Useful applications include drivers for audio output stages, high 
level video amplifiers and output stages of operational amplifiers. Selected higher 
voltage units are available. 


absolute maximum ratings: (25°C) (unless otherwise specified) 


Voltages 
Collector to Emitter Vero 60 volts : 
Emitter to Base Veso 6 volts ize -| 
Collector to Base Veno 60 volts —— NoTE 4: Lead diameter is controlled in the | 7-——T- oH 
Current zone between .070 and .250 from the seat- = 


i (055 
iene (Steady State) * Io 100 mA ee and end of lead a me 285 
Total Power (Free air at 25°C) ** Py 360 mW 
fag 
room tm —-astoup -¢ mee Bama, (100| RR 
Operating Ty 125 °C a : 
Lead Soldering, 46” + %e2” from Ti 260 °C “4 a i ae 005 
case for 10 seconds max. aces “090 
*Determined from power limitations due to saturation voltage at this current. 017 O01 a 
**Derate 3.6 mW/°C increase in ambient temperature above 25°C. (NOTE:I) ae 
fe 
electrical characteristics: (25°C) (uniess otherwise specified) 
STATIC CHARACTERISTICS 
Sym. Min. Typ. Max. Units 
Collector Cutoff Current (Vos — 60V) Iczo 50 NA 
(Ts = 100°C) Iczo 10 yA 
Emitter Cutoff Current (Vex — 6V) Tezo 0.1 yA 
Forward Current Transfer Ratio 
2N3858A (Vcr = 1V, Ic = 10 mA) hre 60 
2N3859A (Vee = 1V, Ic = 10 mA) hre 100 
2N3858A (Vex = 4.5V, I. = 2mA) hre 60 120 
2N3859A (Vee = 4.5V, Io = 2mA) hre 100 200 
Collector—Base Breakdown Voltage (Ic = 0.1 mA) BVczo 60 volts 
Emitter—Base Breakdown Voltage (Izu = 0.1 mA) BVeso 6 volts 
Collector—Emitter Breakdown Voltage (Ic = 1 mA) BVczo 60 volts | 
Collector Saturation Voltage (Ic = 10 mA, In = 1 mA) Vexwam 0.125 volts 
Base—Emitter Voltage (Ic = 10 mA, Vcr = 1 volt) Vagcrive) 68 volts 
Base—Emitter Voltage (Ic = 10 mA, In = 1 mA) Varwat -70 .78 ~~ volts 
DYNAMIC CHARACTERISTICS 
Gain Bandwidth Product (Vcz = 10V, Ic = 2 mA) 
2N3858A fr 90 125 250 MHz 
2N3859A fy 90 140 250 MHz 
Collector—Base Time Constant (Vcz = 10V, Ic = 2 mA) Te Ce 65 150 si ppsec. 
Output Capacitance, Common Base (Vca = 10V, In = 0,f = 1 MHz) Cobo 2.0 2.7 4.0 pF 
Input Capacitance, Common Base (Ven = 0.5V, In = 0, f = 1 MHz) Cibo 10 pF 
Case Capacitance 0.66 pF 
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TYPICAL SMALL SIGNAL CHARACTERISTICS 
f = 1 Ko, Vox == 10V, 1, == 2mA, T, == 25°C 


Symbol Characteristics 2N3858A 
hy Input Resistance 1680 
hoe Output Conductance 8.2 
hre Forward Current Transfer Ratio 110 
hr. Voltage Feedback Ratio 8.2 
h PARAMETERS vs. Vcr h PARAMETERS vs. TEMPERATURE 
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Silicon 
Transistors 


2N3877,A 


The General Electric 2N3877A and 2N3877 are NPN silicon planar passivated 
transistors designed for high voltage applications. The 2N3877A features a guaran- 
teed minimum BVCEO of 85 volts. It is especially useful for driving high voltage 
indicating devices. 


absolute maximum ratings: (25°C) 


Voltages 2N3877A 2N3877 
Collector to Emitter (at 1 mA) Vero 85 70 volts 
Emitter to Base (at 1 mA) Viae 4 4 volts NOTE 1. The specified lead —|.185 max p> 
Collector to Base (at 1 mA) Vero 85 70 volts diameter applies to the zone 
between .050 and .250 from 978 
Current the base of the seat. Be- MAX 
Collector* (Steady State) Io 50 mA tween .250 and end of lead 260 
pidinatie a maxima of .021 diam- MAX 
s n e ; 
Total Power (Free air @ 25°C)* Pr 360 200 mW anes ie eat denon as 
Total Power (Free air @ 55°C) Pr 250 100 mW not controlled, ae 
Temperature | (| MIN 
Storage Tere —55°C to + 150 ee ALL DIMEN. IN INCHES eee: 
Operating T; —55°C to + 125 ° +.002 .050+.005 
Lead Soldering, 5” to 142” from 1, + 260 °C Noe el + 
case for 10 sec. max. 100 +.005 


*Determined from power limitations due to saturation voltage at this current. cian caer 
**Derate 2.67 mw/°C increase for temperature above 25°C. -205MAX a5 aay 
| ae ee: 
. . . 3 fe) : , 
electrical characteristics: (25°C) (untess otherwise specified) 
Min. Typ. Max. 
Collector Cutoff Current (Von = 70V) Toso 0.1 pA 
(Ves == 70V, Ta = 100°C) Toro 10 pA 
Forward Current Transfer Ratio (Von = 4.5V, Ic = 2mA) her 20 
Collector Saturation (Ip = 1 mA, Ic = 10 mA) Verwar 1.0 volts 
Base Saturation Voltage (Ip = 1 mA, Ic = 10 mA) Varcwan .9 volts 
Gain Bandwidth Product (Ic = 10mA, Ve = 10V) fr 160 Mc/s 
| 
TYPICAL APPLICATIONS 
lOOKQ 


680K2 


MQ 


NEON DRIVER 
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Silicon 
Transistors 


2N3900,A 


The General Electric 2N3900 and 2N3900A are NPN silicon planar passivated devices 
intended for low noise preamplifier applications. The planar passivated construction 
assures excellent device stability and life. These high performance, high value transistors 
are made possible by utilizing advanced manufacturing techniques. 


absolute maximum ratings (25°C) unless otherwise specified ry 
Voltages bee + 
Collector to Emitter Vero 18 OV poll ripe . ouee in m O78 
Emitter to Base Ve 5 V ing pls: Hietwoei 250 cod coe crea 055 
Collector to Base Views 18 V man of 021 tld meen ong a 308 
Current SAGAR : 
Collector (Steady State) Tc 100) mA ALL DIMEN. IN INCHES AND ARE fl MIN PLANE. 
REFERENCE UNLESS TOLERANCED -|—_+—_ 
Dissipation || }-|.080% .o0s 
Total Power (Free Air @ 25°C)” Pr 360 mW + | #-|.100 .005 
Total Power (Free Air @ 55°C) © Py 260 mW s'teaos _of 108 
ony #002 090 
Temperature NOTE 1) ido 
Storage Tate —55to+125 °C 0 
Operating T; +100 °C == 
Lead Soldering, \,” + i,” T. +260 °C 


from case for 10 seconds max. 


© Determined from power limitations due to saturation voltage at this current. 
® Derate 3.6 mW °C increase in ambient temperature above 25°C. 


electrical characteristics (25°C) unless otherwise specified 


Min. Typ. Max, 
Coliector Cutoff Current 
(Ves = 18V) Teno 1 pA 
(Vcs—= 18V, T, = 100°C) Tero 10 pA 
Emitter Cutoff Current 
(Ves = 5V) Tipo al aA 
Forward Current Transfer Ratio 
(Vcr — 4.5V, Ic = 2 mA) hre 250 500 
SMALL SIGNAL CHARACTERISTICS 
Forward Current Transfer Ratio 
(Vce = 10V, Ic = 100 nA, f = 1 kHz) hre 170” 200 
Input Impedance 
Ver = 10V, Ic= 2 mA, f=1 kHz) hin 15 ohms 
Output Capacitance 
(Vcs = 10V, Iz = 0, f = 1 MHz) Cero 2.0 7 12 pF 
Gain Bandwidth Product 
(Ic = 4 mA, Ven = 5 V) fi 160 MHz 
NOISE 


(wide band—15 cps to 10 kHz, 
Equivalent Noise Bandwidth = 15.7 kHz) 


Noise Figure 


(Ic = 100 uA, Vee = 4.5V, R, = 5000 ohms) NF 1.9 5° dB 


® Typically a minimum of 95% of the distribution is above this value. 
© Type 2N3900A only. 
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Silicon 
Transistors 


The General Electric 2N3901 is an NPN silicon planar transistor characterized 
for general industrial low signal level application, It features high current gain 
and ft, and low leakage current and collector capacitance. The planar construc- 
tion assures excellent parameter stability with life. 


absolute maximum ratings (25°C) unless otherwise specified 


Voltages 
Collector to Emitter 
Emitter to Base 
Collector to Base 


Current 


Collector (Steady State) ™ 


Dissipation 
Total Power (Free Air @ 25°C) ® 
Total Power (Free Air @ 55°C) @ 


Temperature 
Storage 
Operating 
Lead Soldering, \,” + ,” 
from case for 10 seconds max. 


Vero 18 #V 
£BO 5 OV 
Vero 18 #V NOTE 1: Lead diameter is controlled in the 
zone between .070 and .250 from the seat- 
ing plane. Between .250 and end of lead a 
To 100 mA max. of .021 is held. 
Pr 360 mW 
DIMEN. IN INCHES AND ARE 
Pr 250 mW  Rerenence UMESS TOLERANCE 
Tatg —55to4125 °C 
T, —55to+125 °C 3 LEADS 
Th +260 °C ory #002 
(NOTE 1) 


© Determined from power limitations due to saturation voltage at this current. 
 Derate 2.67 mw/°C increase in ambient temperature above 25°C. 


electrical characteristics (25°C) unless otherwise specified 


Collector Cutoff Current 
(Ves = 15V) 
(Vos = 15V, Ts = 100°C) 


Emitter Cutoff Current 
(Ves = 5V) 
Forward Current Transfer Ratio 


(Ves = 4.5V, Ic = 2 mA) 


SMALL SIGNAL CHARACTERISTICS 


Forward Current Transfer Ratio 
(Vee = 4.5V, Ico = 2 mA, f=1 kHz) 


Output Capacitance 
Vor = 10V, Iz = 0, f= 1 MHz) 


Gain Bandwidth Product 
(Ic =—4 mA, Vos = 5V) 


NOISE 


( + en’/Rg + in* Re) 


NF = 10 logi 4KTB 


where: en, in are transistor noise volta 


B is the bandwidth in cycles 
4 KT — 1.66 x 10™ 


Optimum generator resistance for minimum noise, Rope =~ ~ 


© To 10% LTPD 


Min. Typ. 
Tero 0.2 
Icso 013 
Taso 
hre 350 
hee 350 
Cob 4.5 7 
fe 200 


ge and noise current as obtained in Fig. 8 
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Silicon 
Transistors 


The General Electric 2N3903 and 2N3904 are silicon NPN planar epitaxial I 
transistors designed for general purpose switching and amplifier applications. : = 
| 
. . Ly $b2 
absolute maximum ratings: (7, = 25°C unless otherwise specified) |_t atta! - : 
A — E 
VOLTAGES SEATING PLANE EME Ves 
Collector to Emitter VcEO 40 Volts To-92 3. COLLECTOR 
Collector to Base Vcpo 60 Volts SYMBOL} MILLIMETERS |__INCHES lores 
Emitter to Base VeRO 6 Volts ; 
CURRENT t 
Collector Ic 200 mA 
DISSIPATION 
Total Power Ta < 25°C Pr 350 m Watts 
Derate Factor Ta > 25°C Pr 2.8 mW/°C 
TEMPERATURE cones 
. °o ° ° 
Operating Ty 35°C is +135 °C aS B.CONTOUR OF PACKAGE UNCONTROLLED OUTSIDE 
Storage Tete. =e: C10 HIS € c 3. (THREE LEADS) dbo APPLIES BETWEEN Ly AND L 
Lead (1/16” + 1/32” from TL +230°C °C "$b APPLIES BETWEEN Lo AND I2.70'MM (.500") 
case for 10 sec.) FROM THE SEATING PLANE. DIAMETER IS UN- 


CONTROLLED IN Ly AND BEYOND |2.70MM(500") 
FROM SEATING PLANE. 


electrical characteristics: (Ta = 25°C unless otherwise specified) 


STATIC CHARACTERISTICS SYMBOL MIN. MAX. UNITS 
Collector-Emitter Breakdown Voltage 
(Ic = 1mA, Ip = 0) V(BR)CEO 40 = Volts 
Collector-Base Breakdown Voltage 
(Ic = 10uA, Iz = 0) V(BR)CBO 60 — Volts 
Emitter-Base Breakdown Voltage 
(ig = 10uA, Ig = 0) V(BR)EBO 6 — Volts 
Collector Cutoff Current 
(Vcr = 30V, Veg (off) = 3V) IcEV — 50 nA 
Base Cutoff Current 
(Vcr = 30V, Vip (off) = 3V) Ipev - 50 nA 
Forward Current Transfer Ratio 
(Vor = 1V, Ic = 100uA) 2N3903 hrg 20 = 
2N3904 hrr 40 = 
(Vcg = 1V, Ic = 1mA) 2N3903 hee 35 om 
2N3904 hrr 70 = 
(Vcr = 1V, Ic = 10mA) 2N3903 thre 50 150 
2N3904 thre 100 300 
(Vcr = 1V, I¢ = 50mA) 2N3903 Thre 30 _ 
2N3904 thre 60 _ 
(Vcge = 1V, Ic = 100mA) 2N3903 thre 15 _ 


2N3904 397 +hep 30 us 


STATIC CHARACTERISTICS (Continued) SYMBOL MIN. MAX. UNITS 
Collector-Emitter Saturation Voltage 
(Ic = 10mA, Ip = 1mA) + VoK(at) — .200 Volts 
(Ic = 50mA, Ig = SmA) + VoK(at) — 300 Volts 
Base-Emitter Saturation Voltage 
(Ic = 10mA, Ig = 1mA) tT VBE(sat) 65 85 Volts 
(Ic = 50mA, Ig = 5mA) TVpr(sat) 3 95 


DYNAMIC CHARACTERISTICS 
Collector-Base Capacitance 


(Voz = SV, Iz = O,f = 1 MHz) Cy = 4 pF 
Emitter-Base Capacitance 
(VER = 5V,I¢ = O,f = 1 MHz) Cep = 8 pF 
Current — Gain — Bandwidth Product 
(Veg = 20V, Ip = 10mA,f = 100 MHz) 2N3903 fy 250 = MHz 
2N3904 fy 300 * MHz 
Noise Figure 
(Ip = 100HA, Ver = 5V, Rg = 1 kHz) 2N3903 NF - 6 dB 
BW = 15.7 kHz 2N3904 NF - 5 dB 
Turn-On Delay tg — 35 ns 
Collector Current Rise Time tr 35 ns 
(de =10mA, Ip =1mA, VBE (off) = 5V) 
(Ry = 275Q) 
Storage Delay Time 2N3903 ty - 175 ns 
2N3904 ts - 200 ns 
Collector Current Fall Time tr _ 50 ns 


(Ic = 10mA, Tpit rr Ipo = 1mA) 
(Ry =. 275Q, Voc bag 3V) 
Hybrid Parameters 


(Ip = 1mA, Vog = 10V,f = 1 KHz) 2N3903 hee 50 200 
2N3904 hge 100 400 
2N3903 hie =) 8 kQ 
2N3904 hie 1 10 kQ. 
2N3903 hye Al 5 x104 
2N3904 hire a) 8 x10+4 
hoe 1.0 40 pmhos 


+Pulse width < 300 ysec., Duty Cycle < 2%. 
*JEDEC Registered Parameters, 


SWITCHING TIME EQUIVALENT TEST CIRCUITS 


10< t) < S00ps 1 


300ns—el +3.0V df oa 
DUTY CYCLE=2% le +10.5V DUTY CYCLE =2% —— +10.9V 


ce) 
-0.5V 
< 1.0818 
Cg= Totel shunt cepecitence of test jig end connectors 
1. TURN-ON TIME TEST CIRCUIT tg AND t, 2. TURN-OFF TIME TEST CIRCUIT t, AND ty 
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Silicon 
Transistors 


The General Electric 2N3905 and 2N3906 are silicon PNP planar epitaxial 
transistors designed for general purpose switching and amplifier applications. 


PNP values are negative: Observe proper polarity. 


absolute maximum ratings: (T, = 25°C unless otherwise specified) 
VOLTAGES 


Collector to Emitter VcEO 40 Volts 

Collector to Base Vero 40 Volts 

Emitter to Base VERO 5 Volts 
CURRENT 

Collector Io 200 mA 
DISSIPATION 

Total Power Ta < 25°C Pp 350 m Watts 

Derate Factor Ta > 25°C 2.8 mw/°C 
TEMPERATURE 

Operating Ty -55 to +135 7c 

Storage Tstc 55 to +125 2C 

Lead (1/16” + 1/32” from 3 

case for 10 sec.) TL +230 C 


*electrical characteristics: (T, = 25°C unless otherwise specified) 


STATIC CHARACTERISTICS SYMBOL 
Collector-Emitter Breakdown Voltage 
(Ic = 1mA, Ip = 0) V(BR)CEO 
Collector-Base Breakdown Voltage 
(Ic = 10uA, Ip = 0) V(BR)CBO 
Emitter-Base Breakdown Voltage 
(Ig = 10uA, Ic = 0) V(BR)EBO 
Collector Cutoff Current 
(Vcr = 30V, VBE@OFF) = 3V) IcEV 
Base Cutoff Current 
(Vcr = 30V, VBE(OFF) = 3V) IBEV 
Forward Current Transfer Ratio 
(VcE = 1V, Ic = 100u:A) 2N3905 here 
2N3906 hee 
(Vcr = 1V, Ic = ImA) 2N3905 here 
2N3906 her 
(Vcr = 1V, Ic = 10mA) 2N3905 thre 
2N3906 Thre 
(Vcz = 1V, Ic = 50mA) 2N3905 thre 
2N3906 thre 
(Vc = 1V, Ic = 100mA) 2N3905 thre 
2N3906 thre 
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[ aoneeenane | 
ai 
Hie 
A 
am 1 EMITTER 
TO-92 3 CoLLector 
ies INCHES 
SYMBOL BS] INC MAX. juores 
PEST: AEETS I7o[2to[ 
ci [407/55 010161022) 1,3 
be 407[_ 482/016/019) 3 
$0 144501520 OF 1 751205 oa 
E 13.1 80/4190) 125/165 
e (2.4! 012. 67 0}.095! 105, 
ey [11 50] 1.395/.045! 055! 
| [3.43014.320]1 35! 170 
500; — 
- [050 


NOTES: 

1. THREE LEADS 

2.CONTOUR OF PACKAGE UNCONTROLLED OUTSIDE 
1D 


TH 

3.( THREE LEADS) pb2 APPLIES BETWEEN Ly AND Loa. 
¢b APPLIES BETWEEN L2 AND |2.70 MM (.500") 
FROM THE SEATING PLANE. DIAMETER IS UN- 
CONTROLLED INL, AND BEYOND I2.70MM(. 500") 
FROM SEATING PLANE 


ce wre eee ie ee 


50 
100 


STATIC CHARACTERISTICS (Continued) SYMBOL MIN. MAX. UNITS 
Collector-Emitter Saturation Voltage 
(Ic = 10mA, Ip = lmA) t VcE(sat) _ 250 Volts 
(Ic = 50mA, Ip = SmA) + VcK(sat) — .400 Volts 
Base-Emitter Saturation Voltage 
(Ic = 10mA, Ip = lmA) TVBE (sat) 65 85 Volts 
(Ic = 50mA, Ip = 5mA) TVBE (sat) _ 95 Volts 
DYNAMIC CHARACTERISTICS 
(Vcp = 5V, Ig = O,f = 1 MHz) Cx — 4.5 pF 
Emitter-Base Capacitance 
(Veg = 5V, Ic = O,f = 1 MHz) Ceb _ 10 pF 
Current — Gain ~ Bandwidth Product 
(Vor = 20V, Ig = 10mA, f = 100MHz) 2N3905 fy 200 8 MHz 
2N3906 fr 250 10 MHz 
Noise Figure 
(Ig = 100uA, Veg = 5V, Rg = 1KQ) 2N3905 NF - 5 dB 
BW = 15.7 KHz 2N3906 NF — 4 dB 
Turn-On Delay Time tg = 35 ns 
Collector Current Rise Time 
(Ic = 10mA, Ip, = 1 mA, Vpge (off) = .5V) 
(Ry = 2752) ty Br 35 ns 
Storage Delay Time 2N3905 ts — 200 ns 
2N3906 ts — 225 ns 
Collector Current Fall Time 
(Ic = 10mA, Ig; = Ip2 = 1mA) 2N3905 ty _ 60 ns 
(Ry =27 5Q, Voc = 3V) 2N3906 te = 75 ns 
Hybrid Parameters 
(Ig = 1mA, Veg = 10V, f = 1 KHz) 2N3905 hee 50 200 
2N3906 hee 100 400 
2N3905 Nie 5 8 KQ 
2N3906 hie 2 12 KQ 
2N3905 hye wl 5 X10-4 
2N3906 hye 1 10 X10-4 
2N3905 hes 1 40 yumhos 
2N3906 Noe 3 60 umbhos 


+Pulse width < 300 pisec., Duty Cycle < 2%. 
*JEDEC Registered Parameters. 


SWITCHING TIME EQUIVALENT TEST CIRCUITS 
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Cg= Totel shunt cepecitence of test jig end connectors. 
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Silicon 
Transistors 


The General Electric 2N4123 and 2N4124 are NPN Silicon 
Planar Epitaxial passivated transistors designed for general pur- 
pose amplifier applications. 


— 
NE 
ANE 


1) $¢d2 
Q (pea _| 
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SEATING PL 


absolute maximum ratings: (Ta = 25°C unless otherwise specified) | Ber 


2N4123 2N4124 


EMITTER 

Voltages 30 wai TO-92 3 COLLECTOR 

Collector to Emitter VcEo 25 olts MILLIMETERS | INCHES | —— 1 

Collector to Base Vcgo 40 30 Volts Smee an er oe 

Emitter to Base VERO 5 5 Volts BUT 407) 550° Cle 0221 13 

be | 407 482016 0191 3 

aes P[sieotarse-ies too 

Collector Ic 200 200 mA e [2410126701095 108 
Dissipation “i SaSOa SPO TSE Fer 

Total Power Ta <25°C 3 Py 350 350 mW L__ji2z700; “= "5007 — 173] 

Derate FactorTa>25°C Pr 2.8 2.8 mw/°C tees SO pag et 

Total Power Typ <25°C = Py 1 1 Watt Q ae sro bettas 2 

Derate Factor Te >25°C = Py 8 8 mW/°C NOTES: 

LTHREE LEADS 

Temperature i ‘ 3 2.CONTOUR OF PACKAGE UNCONTROLLED OUTSIDE 

Operating Ty “55°C to +1 s0°¢ ne 3(THREE LEADS) $02 APPLIES BETWEEN Ly AND Lo. 

Sore Bete eC (oF OOG FROM THE SEATING PLANE DIAMETER IG Une 

Lead (1/16" + 1/32” from Ty +260°C nC CONTROLLED INL, AND BEYOND 12. 70MM (.500") 

case for 10 sec.) FROM SEATING PLANE. 
“electrical characteristics: (r, = 25°C unless otherwise specified) 

Static Characteristics SYMBOL MIN. MAX. UNITS 
Collector-Emitter Breakdown Voltage 

(Ic = ImA, Ip = 0) — 2N4123 V(BR)CEO 30 = Volts 
Collector-Emitter Breakdown Voltage 

(Ic = 1mA, VBE = 0) — 2N4124 V(BR)CEO 25 = Volts 
Collector-Base Breakdown Voltage 

(Ic = 10wA, Ip = 0) — 2N4123 V(BR)CBO 40 _ Volts 
Collector-Base Breakdown Voltage 

(Ic = 10 uA, Ig = 0) — 2N4124 V(BR)CcBO 30 _ Volts 
Emitter-Base Breakdown Voltage 

(Ig = 10 LA, Ic a 0) V(BR)EBO 5 = Volts 
Collector Cutoff Current 

(Vor = 20V, Ig pe 0) IcBo oF 50 nA 
Emitter-Base Reverse Current 

(Ves = 3V, Ic = 0) Igpo = 50 nA 
Forward Current Transfer Ratio 

(Vcg =1V, Ic = 2mA) — 2N4123 hey 50 150 

(Veg = 1V, Ic = 2mA) — 2N4124 hp 120 360 

(Vcr = 1V, Ic = 50mA) — 2N4123 Ther 25 — 


(Vog = 1V, Ic = 50 mA) — 2N4124 ggg. thre 60 = 


Static Characteristics (continued) SYMBOL MIN. MAX. UNITS 
Collector-Emitter Saturation Voltage 

(Ic = 50mA, Ip = 5mA) +VcK (sat) _ 3 Volts 
Base-Emitter Saturation Voltage 

(Ic = 50mA, Ip = 5mA) TV BE(sat) — 95 Volts 
Dynamic Characteristics 
Collector-Base Capacitance 

(Vez = 5V, Ip = 0, f = 100 KHz) Cob — 4 pF 
Emitter-Base Capacitance 

(Vez =.5V, Ip = 0, f = 100 KHz) Cib — 8 pF 
Gain Bandwidth Product 

(Voge = 20V, Ic = 10mA, f = 100 MHz) — 2N4123 fr 250 - MHz 

(Ver = 20V, Ic = 10 mA, f = 100 MHz) — 2N4124 fy 300 _ MHz 
Forward Current Transfer Ratio 

(Vcr = 20V, Ic = 10mA, f = 100 MHz) — 2N4123 hfe 2.5 — 

(Vcr = 20V, Ic = 10mA, f = 100 MHz) — 2N4124 hfe 3 — 
Forward Current Transfer Ratio 

(Ver = 1V, Ic = 2mA, f = 1 KHz) — 2N4123 hfe 50 200 

(Vcr = 1V, Ic = 2mA, f = 1 KHz) — 2N4124 hfe 120 480 
Noise Figure (Broad Band) 

(Ic = 100A, Veg = SV, Rs = 1K — 2N4123 NF _ 6 dB 

Bandwidth = 10 Hz to 15.7 KHz) — 2N4124 NF _ 5 dB 


+Pulse Conditions: Pulse Width < 300us, Duty Cycle << 2%. 
*Indicates JEDEC Registered Data. 
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Silicon 
Transistors 


The General Electric 2N4125 and 2N4126 are PNP Silicon 
Planar Epitaxial passivated transistors designed for general pur- 
pose amplifier applications. PNP Polarities are negative, observe 
proper bias. 


absolute maximum ratings: (7, = 25°C unless otherwise specified) real yy 
2N4125 2N4126 o- th am me s 
Voltages A ek 
Collector to Emitter Vcro 30 25 Volts SEATINGPLANE e wok 
Collector to Base Vero 30 25 Volts ro-92 3 COLLECTOR 
; [MILLIMETERS [ INCHES 
Emitter to Base VeRO 4 4 Volts MIN. | MAX. MIN. [Max NOTES, 
A__ [4.320/5.330/170/.210] 
Current 2 1407) 550/01 6[022| 1,3 
407| 482loi6lois| 3 
Collector ie 200 200 mA ric5i338 a se 
Stee fades 3.180/4190/125[165 
Dissipation . 2.41 0(2.67 010951105, | 
Total Power Ta < 25°C Py 350 350 mW 11 ol .33s/o4slogs! al 
Derate Factor Ta >25°C Py 2.8 2.8 mwW/°C i2700| — [500; — 3 
° — |V27ol - [650 3 
Total Power Te S 25c Pr 1 1 Watt | tessol = psot = 
Derate Factor Tc >25 C Py 8 8 mW/'C 2920} — [115] — | 2 
2.030] 2670,080/105 
Temperature NOTES: 
: ° ° ° THREE LEADS 
Operating Ty 55°C to +1 50° a 2. Cone Ad PACKAGE UNCONTROLLED OUTSIDE 
TH 
Storage ? : Tste 55°C to +1 So'C af 3, (THREE LEADS) ¢b2 APPLIES BETWEEN Ly AND Lo. 
Lead (1/16" + 1/32” from T, +260 C Cc $b APPLIES BETWEEN Lo AND 12.70 MM (.500") 
FROM THE SEATING PLANE. DIAMETER iS UN- 
case for 10 sec.) CONTROLLED INL, AND BEYOND 12. 70MM (.500") 


FROM SEATING Pl LANE. 


“electrical characteristics: (Ta = 25°C unless otherwise specified) 


Static Characteristics SYMBOL MIN. MAX. UNITS 
Collector-Emitter Breakdown Voltage 

(Ic = 1 mA, Ig = 0) — 2N4125 V(BR)CEO 30 _ Volts 
Collector-Emitter Breakdown Voltage 

(Ic = 1 mA, Vge = 0) — 2N4126 V(BR)CEO 25 _ Volts 
Collector-Base Breakdown Voltage 

(Ic = 10 MA, le = 0) — 2N4125 V(BR)CBO 30 _ Volts 
Collector-Base Breakdown Voltage 

(Ic = 10uA, Ig = 0) — 2N4126 V(BR)CBO 25 — Volts 
Emitter-Base Breakdown Voltage 

(Ig = 10uA, Ic = 0) V(BR)EBO 4 = Volts 
Collector Cutoff Current 

(Vcp = 20V, Ig = 0) IcBo — 50 nA 
Emitter-Base Reverse Current 

(VER = 3V, Te = 0) leBo 7 50 nA 
Forward Current Transfer Ratio 

(Veg = 1V, Ig = 2mA) — 2N4125 bpp 50 150 

(Vcr = 1V,I¢ = 2mA) — 2N4126 hep 120 360 

(Ver = 1V, Ice = 50mA) — 2N4125 ther 25 — 

(Vcr = 1V, Ic = 50mA) — 2N4126 Thee 60 — 


Static Characteristics (continued) SYMBOL MIN. MAX. UNITS 
Collector-Emitter Saturation Voltage 

de = 50 mA, Ip = 5 mA) tVcE (sat) = 4 Volts 
Base-Emitter Saturation Voltage 

(ic = 50mA, Ip = 5mA) TVBE(sat) = 95 Volts 


Dynamic Characteristics 
Collector-Base Capacitance 


(Vog = 5V, Ip = 0, f = 100 kHz) Ceb = 4.5 pF 
Emitter-Base Capacitance 

(Ves =.5V, Ic = 0, f = 100 kHz) Cib — 10 pF 
Gain Bandwidth Product 

(Vcr = 20V, Ic = 10mA, f = 100 MHz) — 2N4125 fr 200 - MHz 

(Vcr = 20V, Ic = 10mA, f = 100 MHz) — 2N4126 fr 250 — MHz 
Forward Current Transfer Ratio 

(Vcr = 20V, Ic = 10mA, f = 100 MHz) — 2N4125 hfe 2 - 

(Vc = 20V, Ic = 10 mA, f = 100 MHz) — 2N4126 hfe 2.5 — 
Forward Current Transfer Ratio 

(Vcr = 1V, Ic = 2mA, f = 1 KHz) — 2N4125 hfe 50 200 

(Vcr = 1V, Ic = 2mA, f = 1 KHz) — 2N4126 hfe 120 480 
Noise Figure (Broad Band) 

(Ic = 100A, Veg = 5V,Rs=1KQ — 2N4125 NF _ 5 dB 

Bandwidth = 10 Hz to 15.7 KHz) — 2N4126 NF — 4 dB 


{Pulse Conditions: Pulse Width < 300 us, Duty Cycle < 2%. 
*Indicates JEDEC Registered Data. 
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Silicon 
Transistor 


The General Electric 2N4256 is a planar epitaxial, passivated NPN transistor char- 
acterized for low level medium speed switching applications in industrial circuits. 
This transistor features a high current transfer ratio over a wide range of collector 
current, a low collector saturation voltage, and a guaranteed stored base charge. 


absolute maximum rati ngs: (25°C) (unless otherwise specified) 
Voltages 


e Low Cost 
Collector to Emitter Vers 30 Volts ° High Beta 
Emitter to Base Viepo 5 Volts 6 Low Visreng: 
Collector to Base Veno 30 Volts © Rugged Encap- 
Current sulation 
Collector (Steady State) * I 100 mA 
Dissipation 
Total Power (Free air at 25°C) + Py 360 mW a 
Total Power (Free air at 55°C) + Py 250 mW DEDEC OUTLINE TO-98 C i 4 
Temperature ‘ NOTE 1: Lead amet Boma in hid is = z O75 
Storage T sre ee 125°C reine Eten 0 as om ot had a ae 288 
Operating T; 125 ae of 22 
Lead Soldering, 1/16” + 1/32” : Fae ep 
from case for 10 sec. max. Ty, 260°C ALL OIMEN, IN INCHES AND ARE ii 1. we as 
3 LEADS _ ~ [eis 
*Determined from power limitations due to saturation sor7 #902 aaa raed 
voltage at this current. art 10 
+Derate 2.67 mW/°C increase in ambient temperature 
above 25°C. 
electrical characteristics: (25°C) (unless otherwise specified) 
STATIG CHARACTERISTICS i 
Collector to Base Breakdown Voltage Min. Typ. Max. Units 
(Ic = 100pnA) Veeno 30 V 
Collector to Emitter Breakdown Voltage 
(Vex = 0, Ic = 1mA) Vous 30 Vv 
Emitter to Base Breakdown Voltage Vv 
(Iy = 100A) Vino 5 
Forward Current Transfer Ratio 
(Ic = 2mA, Ver => 4.5V) hy 100 220 500 
Forward Current Transfer Ratio 
(To = 10mA, Ver = 0.2V) Neyer 60 120 
Forward Current Transfer Ratio 
(Ie — 50mA, Ver = 0.2V) hyp 20 
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STATIC CHARACTERISTICS 


Min, Typ. Max. Units 
| Collector-Emitter Saturation Voltage 
(Ic = 0.1 to 10mA, I), = 1;/50) Versa, 0.16 0.20 Vv 
Collector-Emitter Saturation Voltage 
(Io = 50mA, I, = 2.5mA) Voerisar) 0.14 0.20 V 
Base-Emitter Saturation Voltage 
(le = 50mA, 1, = 2.5mA) Virrsat) 0.82 0.92 V 
Collector Cutoff Current 
(Ven = 380V) Toro 0.1 500 nA 
Collector Cutoff Current 
(Voy = 18V, Ta = 100°C) Teo 15 pA 
Collector Cutoff Current 
Vex = 30V, Vin = 0) Tors 0.1 500 nA 
Emitter Cutoff Current 
(Vin = 5V) Tino 0.1 500 nA 
DYNAMIC CHARACTERISTICS 
Collector Capacitance 
(Vez = 10V, Ip = 0,f = 1 MHz) Cop 27 4.0 pF 
Transition Capacitance 
(Ver = 0.5V, To = 0, f=1 MHz) Ci 10 pF 
Stored Base Charge (Circuit 1) 
(Il, = 0.82mA, Ic = 10mA) Qsxz 250 600 pc 
Gain Bandwidth product 
(Vex _ 1V, I, = 10mA) fy 200 MHz 
Turn-on Time (Figure 1) 
(Ic = 10mA) tigi 4.0 ns 
Turn-off Time (Figure 1) 
(I. = 10mA) ture 40 100 nS 


Turn-on Time (Figure 2) 


(Ic = 10mA, Tp = 0.82mA, 
Ino = 54pA) ton 180 ns 


Turn-off Time (Figure 2) 
(I, = 10mA, Ip; = 0.82mA, 
Tye = 54uA) tare 


Figure 1 Figure 2 


Qs, measured in circuit of Figure 1, the capacitor is adjusted to give a turn off time of 
100nS, and Qxsz is calculated from the equation Qs, = 6C. 
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Silicon 


Transistors IN4400 


The General Electric 2N4400 and 2N4401 are silicon NPN planar epitaxial 


passivated transistors designed for general purpose switching and amplifier 
applications. 


! 
° é ° A ope Ls joe $2 
absolute maximum ratings: (Ta= 25°C unless otherwise specified) ree T 
VOLTAGES CoN alk 
Collector to Emitter VcEo 40 Volts Lk = Ee 
Collector to Base Vero 60 Volts SEATING PLANE i. EMITTER 
Emitter to Base VEBO 6 Volts 70.53 Sent eCion 
CURRENT 
Collector Ic 600 mA 
DISSIPATION 48 
Total Power Ta < 25°C Pr 350 m Watts 19 
Total Power Te < 25°C Pr 1000 m Watts 39 
Derate Factor Ta > 25°C 2.8 mW/°C 32 
Derate Factor Te > 25°C 8.0 mW/°C oF 
TEMPERATURE 
Operating T; -55 to +150 "C 
Storag' € TstcG -55 to +150 °C TTHEEE 
Lead ra /16" + 1/32” From : 2 CONTOUR oF PACKAGE UNCONTROLLED OUTSIDE 
Case for 10 sec.) TL +230 Cc 3,(THREE LEADS) ¢b2 APPLIES BETWEEN Ly AND Lo. 


¢b APPLIES BETWEEN L2 AND 12.70 MM (.500") 
FROM THE SEATING PLANE. DIAMETER (S UN- 
CONTROLLED IN L, AND BEYOND 12. 70MM (.500") 
FROM SEATING PLANE. 


[om mm semi SE) mans omy) cD cme, Imm, EDs meee emcee ms eee em ee ee ee ee ee eee ee ee ee eee ee eee eee 


* 3 H ° . vo 
electrical characteristics: (Ta = 25°C unless otherwise specified) 


__2N4400 __ __2N4401__ 

STATIC CHARACTERISTICS SYMBOL MIN. MAX. MIN. MAX. UNITS 
Collector-Emitter Breakdown Voltage 

(Ic = imA, Ig = 0) V(BR)CEO 40 = 40 _ Volts 
Collector-Base Breakdown Voltage 

(Ic > 100uA, Ig = 0) V(BR)CBO 60 _ 60 os Volts 
Emitter-Base Breakdown Voltage 

(Ip = 100uA, Ic = 0) V(BR)EBO 6 = 6 — Volts 
Collector Cutoff Current 

(Vcr = 35V, VERB (off) = AV) Icryv a 100 = 100 nA 
Base Cutoff Current 

(Vcr = 35V, Veg (off) = .4V) IpEv — 100 — 100 nA 
Forward Current Transfer Ratio 

(Vor i 1V, Ic = .lmA) hpr = = 20 = 

(Vcr = lV, Ic = 1.0mA) her 20 = 40 “= 

(Vcr = 1V, Ic = 10mA) ther 40 — 80 _ 

(Vcr = 1V, Ic = 150mA) thre 50 150 100 300 

(Vcr = 2V, Ic = 500mA) thre 20 — 30 —_ 
Collector-Emitter Saturation Voltage 

(Ic = 150mA, Ip = 15mA) TVcEK(sat) _ 4 — 4 Volts 

(Ic = 500mA, Ip = 50mA) tT VeE(sat) oo 75 = 75 Volts 
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2N4400 
2N4401 


STATIC CHARACTERISTICS (Continued) 
Base-Emitter Saturation Voltage 

(Ic = 150mA, Ip = 15mA) 

(ic = 500mA, Ip = 50mA) 


DYNAMIC CHARACTERISTICS 
Collector-Base Capacitance 

(Vop = 5V, Ip = O,f = 1 MHz) 
Emitter-Base Capacitance 

(Veg = .5V, Ic = O,f = 1 MHz) 
Gain Bandwidth Product 

(Vcr = 10V, Ic = 20mA, f = 100 MHz) 
Forward Current Transfer Ratio 

(Vcr = 10V, Ic = 1mA, f= 1 kHz) 
Output Admittance 

(Vcr = 10V, Ic = 1mA, f= 1 kHz) 
Input Impedance 

(Vcr = 10V, Ic = ImA, f = 1 kHz) 
Voltage Feedback Ratio 

(Vor = 10V, lmA, f= 1 kHz) 
SWITCHING CHARACTERISTICS 
Delay Time 
Rise Time 

(Ic = 150mA, Ip, = 15mA) 

(Vcr = 30, Vip (off) = 2V) 
Storage Time 
Fall Time 

(Ipi = Ig2 = 15 mA) 

(Vor = 30V, Ic = 150 mA) 


2N4400 
SYMBOL MIN. MAX. 
+ VBE(sat) 75 95 
+ VBE(sat) — 1.2 
Ccz = 6.5 
Gun = 30 
f, —~ 200 
hfe 20 250 
hoe 1 30 
hye 5 75 
hye ] 8 
tg _ 15 
t, - 20 
t, _ 225 
t¢ _— 30 


+Pulse Conditions: Pulse width < 300 Usec., Duty Cycle < 2%. 


*JEDEC Registered Parameters. 


SWITCHING TIME EQUIVALENT TEST CIRCUITS 


+30V 


1.0 TO 100 nS 
DUTY CYCLE = 2% 


| <2as 


Scope Rise Time <4aqs 
Cg is Totel Shunt Cepecitence of Test Jigs, Connectors and Oscilloscope. 


1. TURN-ON TIME 


“Ts 


T 
| Cg <lOpF 
I 


--4 


2002 H6V-=| [0 TO 1004S 
DUTY CYCLE * 2% 


( 
‘ 
! 
! 
[ 
4. 


MIN. 


2N4401 
MAX. 


250 


500 


225 


2. TURN-OFF TIME 
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UNITS 


Volts 
Volts 


pF 
pF 


MHz 


ue mhos 
kQ 
x104 


ns 
ns 


ns 
ns 


hee ~ NORMALIZED CURRENT GAIN 


° 
w 


2N4400 
2N4401 


ee 
—m__ 


CE = IV 
20K == Veg = 10V 


3 


2 
N 


° 
a 


Vee - COLLECTOR-EMITTER VOLTAGE - VOLTS 


VOLTAGE - VOLTS 


1 di 
027-02 05 10 20 50 10 20. 50 100 200 500 8.01 002 005 01 02 08 10 20 50 10 20 50 
Ic - COLLECTOR CURRENT - mA Ig- BASE CURRENT - mA 
3. DC CURRENT GAIN 4. COLLECTOR SATURATION REGION 
+0.5 T CL [ 
ro) 
Hott 
5-05} 
: } 
. roti 
2 -1.0 — 
ee 
ry -1.5 1] Ht 
Oo 
L |_| iat 
~2.0/— 8vB ary 
+ | + 
0 -2.5 a | 
Of 02 O85 LO 20 50 10 20 50 100 200 500 O1 02 O05 10 20 50 10 20 50 100 200 500 
Ig - COLLECTOR CURRENT - mA Ig - COLLECTOR CURRENT - mA 
5. “ON” VOLTAGES 6. TEMPERATURE COEFFICIENTS 
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Silicon 
Transistors 


The General Electric 2N4402 and 2N4403 are silicon PNP planar epitaxial 
passivated transistors designed for general purpose switching and amplifier 


applications. 


Current and voltage values for PNP are negative. Observe proper bias polarity. 


absolute maximum ratings: (T, = 25°C unless otherwise specified) 


+ cs SV, Se St EN eyes seh mm Sc mee cee ae mee ee ee 


VOLTAGES 
Collector to Emitter Vero 
Collector to Base VcsBo 
Emitter to Base VEBO 
CURRENT 
Collector Io 
DISSIPATION 
Total Power Ta < 25°C Py 
Total Power Tc < 25°C Pr 
Derate Factor T, > 25°C 
Derate Factor Tg > 25°C 
TEMPERATURE 
Operating Ty 
Storage Tstc 
Lead (1/16" + 1/32” from 
case for 10 sec.) TL 


STATIC CHARACTERISTICS 
Collector-Emitter Breakdown Voltage 


*electrical characteristics: 


(Ic = 1mA, Ip = 0) 


Collector-Base Breakdown Voltage 


(Ic = 100uA, Ip = 0) 


Emitter-Base Breakdown Voltage 


(Ig = 100uA, Ic = 0) 
Collector Cutoff Current 


(Vcr = 35V, Vep (off) = .4V) 


(Ta = 25°C unless otherwise specified) 


Base Cutoff Current 
(Vcr = 35V, Veg (off) = -4V) 


Forward Current Transfer Ratio 


(Vor = 1V, Ico = .imA) 
(Vcr a 1V, Ic = lmA) 
(Vcr ae IV, Ic = 10mA) 
(Vop = 2V, Ic = 150mA) 


(VcE at 2V, Ic = 500mA) 


40 
40 


-55°C to +150°C 
-55°C to +150°C 


+230°C 


SYMBOL 
VBR)CEO 
ViBR)CBO 
VBR)EBO 
Icev 
Iggy 


hpE 
hey 
Thre 
Thre 
thre 
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Volts 
Volts 
Volts 


mA 


m Watts 


m Watts 
mw/°C 
mW/°C 


=€ 
°C 


a @ 


2N4402 
MIN. MAX. 
40 — 
40 — 
S =. 
- 100 
a 100 
30 = 
50 _ 
50-150 
0.4 = 


B. 


TO-92 


Q~- ae Sea] 
A esa 
SEATING PLANE 4 EMITTER 


A COLLECTOR 


Syinork MILLIMETERS | INCHES 


MIN. | 


MAX. 


T MIN. wap" 
5330|170/210 1 


48210 be]o19 3 
520 0)1 75/205 
4190) 125165, | 
2.67.0|.095! 105 
1.395|.045/055' 
432 01135) 170) 


NOTES: 
1. THREE LEADS 


2. oer rene OF PACKAGE UNCONTROLLED OUTSIDE 
TH DE. 


S Sl 
3. (THREE LEADS) ¢b2 APPLIES BETWEEN Ly AND L 


2: 
¢b APPLIES BETWEEN L2 AND 12.70 MM (.500') 
FROM THE SEATING PLANE. DIAMETER IS UN- 
CONTROLLED IN Ly AND BEYOND le. 70 MM (.500") 
FROM SEATING PLANE. 


2N4403 
MIN. MAX UNITS 
40 = Volts 
40 a Volts 
5 _ Volts 
_ 100 nA 
_ 100 nA 
30 _ 
60 _ 
100 sas 
100 300 
20 = 


2N4402 
2N4403 


2N4402 2N4403 

STATIC CHARACTERISTICS (Continued) SYMBOL MIN. MAX. MIN. MAX. UNITS 
Collector-Emitter Saturation Voltage 

(Ic = 150mA, Ip = 15mA) + VcE(sat) ~ 4 — 4 Volts 

(Ic = 500mA, Ip = 50mA) +Vex(sat) — AS ~ 75 Volts 
Base-Emitter Saturation Voltage 

(Ic = 150mA, Ip = 15mA) +VBE(sat) 75 95 75 95 Volts 

(Ic = 500mA, Ip = 50mA) + VeE (sat) - 13 _ 1.3 Volts 
DYNAMIC CHARACTERISTICS 
Collector Base Capacitance 

(Vcg = 10V, Ip = O,f = 1 MHz) Cop — 8.5 _ 8.5 pF 
Emitter-Base Capacitance 

(Ven = SV, Ic = O,f =] MHz) Cop _ 30 = 30 pF 
Gain Bandwidth Product 

(Vcr = 10V, Ic = 20mA, f = 100 MHz) fr 150 ~ 200 — MHz 
Forward Current Transfer Ratio 

(Ver = 10V, Ic = ImA, f = 1 kHz) hfe 30-250 60 500 
Input Impedance 

(Ic = 1mA, Vex = 10V, f = 1 kHz) hie 750 7.5k 1.5k 15k Ohms 
Voltage Feedback Ratio 

(Ic = 1mA, Vcr = 10V, f = 1 kHz) hye | 8 l 8 xX10+4 
Output Admittance 

(Ic = 1mA, Vex = 10V, f = 1 kHz) hoe 1 100 1 100 umhos 
SWITCHING CHARACTERISTICS 
Delay Time 
Rise Time ta = 15 7 15 ns 

(Ic = 150mA, Ip, = 15 mA) 

(Vcr = 30, Vp (off) = 2V) ty cs 20 = 20 ns 
Storage Time 
Fall Time tz _ 225 _ 225 ns 

(Ipi = Ip2 = 15 mA) 

(Vcr = 30V, Ic ig 150mA) tr — 30 im, 30 ns 


fPulse width <= 300 Usec., Duty Cycle < 2%. 
*JEDEC Registered Parameters. 


SWITCHING TIME EQUIVALENT TEST CIRCUITS 


-30V ~30V 


2002 


= le—<2n8 <20nS 

+2V +14V (Vin = ~3OV) | 

I 

[0] a. > fe] | 

{ 
w1- 
-l6V “T -T. 

Cg <lOof -I6V {Cg <lOpt 
I 
sal l-10 TO 100448 oa zs L-1.0 TO 1004S ---+ 
DUTY CYCLE = 2% DUTY CYCLE = 2% 
p Scope Rise Time <4nS. +4V 7 
C =Total Shunt Capacitonce of Test Jig Connectors and Oscilloscope. 
1. TURN-ON TIME 2. TURN-OFF TIME 
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hre - NORMALIZED CURRENT GAIN 


VOLTAGE - VOLTS 


LTA NY 
A 
Le 


\ 


= 
= 1 
a! _ ws rT 
il 
| | AI 
=| 


Ig - COLLECTOR CURRENT - mA 
3. DC CURRENT GAIN 


1.0 TTT 


0.8 


° 
a) 


° 
ms 


° 
ny 


° 
Ol 0.2 05 410 2.0 50 10 20 50 100 200 500 
Ig - COLLECTOR CURRENT - mA 


5. SATURATION VOLTAGE AND Vge (on) 


2 
0.1 0.2 05 10 20 5.0 10 20 50 100 200 500 
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COEFFICIENT - mvV/°C 


0 
0.005 0.01 0.02 0.05 Ol 02 O05 10 2.0 50 10 20 50 
Ig - BASE CURRENT ~- mA 


4. COLLECTOR SATURATION REGION 


-2.5 1 wane © 
Ol 0.2 05 40 2.0 50 10 20 50 100 200 500 


Ig - COLLECTOR CURRENT - mA 
6. TEMPERATURE COEFFICIENTS 


Silicon 
Transistors 


The General Electric 2N4409 and 2N4410 are Silicon NPN Planar 
Epitaxial Passivated Transistors designed for high voltage amplifier 
applications and for Neon Display Tube Drivers. 


absolute maximum ratings Ts = 25°C unless otherwise specified) 


Voltages 2N4409 2N4410 
Collector to Emitter VcEo 50 80 Volts 
Collector to Base Vcso 80 120 Volts 
Emitter to Base VeRO 6 6 Volts 

Current 
Collector Io 250 250 mA 

Dissipation 
Total Power Ta < 25°C Py 625 625 mWatt 
Total Power Tc < 25°C Py 1.5 1.5 Watts 
Derating Factor T, > 25°C Pr 5 5 mW/° 
Derating Factor To > 25°C Py 12 12 mw/° 

Temperature 
Storage Leip -55 to +150 ne 
Operating T; -55 to +150 me 
Lead (1/16" + 1/32" from Ti +260 "C 


case for 10 sec. max.) 


ae 
SEATING PLANE y wh 
TO-92 5 cOLLECTOR 


MILLIMETERS | INCHES 
__ [| MAX. _| MIN. [MAX, wares 


S391 17012101 

"55 Of016(0221 13 
462 Btelors! 3 
SPOOL? 4 


sp 205{ 


4i90[i2s5/165| | 
2.670]. ia 


at 
2.920 “TI ia 
te 03012. 6rolosoll ost _| 
NOTES 
1. THREE LEADS 
2.CONTOUR OF PACKAGE UNCONTROLLED OUTSIDE 


THIS 

3. (THREE LEADS) $b2 APPLIES BETWEEN Ly AND Lo. 
¢b APPLIES BETWEEN Lo AND 12.70 MM (.500") 
FROM THE SEATING PLANE. DIAMETER IS UN- 
CONTROLLED INL, AND BEYOND 12.70 MM (.500") 
FROM SEATING PLANE, 


electrical characteristics:*(T, = 25°C unless otherwise specified) 


Static Character istics* SYMBOL 
Collector-Emitter Breakdown Voltage 

(Ic = 1 mA, Ig = 0) Ver)cEO 
Collector-Emitter Breakdown Voltage 

(Ic = 500 yA, VBE(off) = 5V, Rpg = 8.2K Ohms) V(BR)CER 
Collector-Base Breakdown Voltage 

(Ic = 10 uA, Ip = 0) V(BR)cBO 
Emitter-Base Breakdown Voltage 

(Ig = 10uA, Ic = 0) V(BR)EBO 
Collector Cutoff Current 

(Vcg = 60V, Iz = 0) IcBo 

(Vcp = 60V, Ip = 0, Tg = 100°C) Icgo 

(Vcp = 100V, Ig = 0) IcBo 

(Vcp = 100V, Ip = 0, Ta = 100°C) lcpo 
Emitter Cutoff Current 

(Vr = 4V, Ic = 0) Igo 
Forward Current Transfer Ratio 

(Vce = 1V,I¢ = 1mA) hye 

(Vcr = 1V, Ic = 10 mA) hrge 
Collector-Emitter Saturation Voltage 

(Ic = 1mA, Ig = 0.1 mA) VoE(sat) 
Base-Emitter Saturation Voltage 

(Ic = 1 mA, Ip = 0.1 mA) VpE(sat) 
Base-Emitter Voltage 

(Ic = 1mA, Vcg = SV) VBE(on) 
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2N4409 2N4410 

MIN. MAX. MIN. MAX. UNITS 
50 _ 80 _ Volts 
80 ~ 120 = Volts 
80 _ 120 = Volts 
5 _ 5 — Volts 
_ 10 — _ nA 
_ 1.0 _ _ vA 
— — _ 10 nA 
_ _ - 1.0 vA 
_ 100 _ 100 nA 
60 _ 60 — 
40 400 60 400 
— 0.2 _ 0.2 Volts 
_ 0.8 — 0.8 Volts 
_ 0.8 _ 0.8 Volts 


2N4409 


Static Characteristics (continued) 


Dynamic Characteristics 
Current-Gain — Bandwidth Product 

(Ic = 10mA, Vcr = 10V, f = 30 MHz) 
Collector-Base Capacitance 

(Veg = 10V, Ig = 0, f = 140 kHz) 


Emitter-Base Capacitance 
(Var = 0.5V, Ic = 0, f = 140kHz) 


*Indicates JEDEC Registered Data. 


2N4409 
SYMBOL MIN. MAX. 
*fp 60 300 
*Coh = 12 
Ceb — 50 
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2N4410 


MIN. MAX. 


UNITS 
MHz 
pF 


pF 


| Silicon 
Transistors 


The General Electric 2N4424 and 2N4425 types are NPN, silicon, 


planar, passivated, epitaxial transistors intended for general pur- 
pose industrial circuits. These transistors are especially suited for 
high level linear amplifiers or medium speed switching circuits in (\ 
industrial control applications. <\ 
FEATURES: 
Low Saturation Voltage 
High Beta 
900 mW @ 25°C Case. —- 2N4424 


360 mW @ 25°C Free Air 2N4425 A. 


absolute maximum ratings: (25°C) (unless otherwise specified) 


2N4424 2N4425 Of 
Voltages NOTE 1: Lead diameter is controtied in the Es oT 
Collector to Emitter Veuo 40 40 V mp aten 30 ote Fas 
Emitter to Base Veso 5 5 OV aki sds 
Collector to Base Vero 60 60 V Ac deN in wenee labo? ARE a me Pea 
Current REFERENCE UNLESS TOLERANCED 4 FE Gol Sos 
Collector (Steady State) * Te 500 500 mA sino / | td” Ps 
Dissipation nar 49 
Total Power (Free Air at 25°C) ** Pr 360 560 mW es seer 
Total Power (Free Air at 65°C) ** Pr 250 380 mW he ic H tan 
Total Power (Heatsink at 25°C) *** Py — 900 mW cer wed) ree 
Temperature = 120 
Storage Tste —55 to +150 A 6 DIA. be t87 4 
| Operating T; +150 °C \! “a 
Lead soldering, 144" + 142” from case 14 OQ 
for 10 sec. max. Ti +260 ae: beh 


“Determined from power limitations due to saturation voltage at this current. 
Derate 2.88mW/°C increase in ambient temperature above 25°C. 
Derate 7.2 mW/°C for rise in heatsink temperature above 25°C. ps0s.008 


+002 
orr +902 


520 MAX. 


ALL DIMEN. IN INCHES AND ARE REFERENCE UNLESS TOLERANCED 
ES ES SS TS SS LN A SS A SS SA SS IE ES SE SAR SONNE SES SY MSN NEED Sep mse SEENNNNE aR eam 


electrical characteristics: (25°C) (unless otherwise specified) 
DC CHARACTERISTICS 


; Min. Max. 
Collector Cutoff Current (Ven = 40V) Tero 30 nA 
(Ves = 40V, Ta = 100°C) Tcro 10 pA 
(Ver = 40V) Icrs 30 nA 
Emitter Cutoff Current (Vir = 5V) Tino 100 nA 
Forward Current Transfer Ratio 
(Vex = 4.5V, Ic = 2 mA) her 180 540 
Collector Emitter Breakdown Voltage (Ic = 10 mA) Veswceo 40 Vv 
Collector Base Breakdown Voltage (Ic = 10 nA) Voanecno 60 Vv 
Emitter Base Breakdown Voltage (In =0.1 uA) Visreno 5 v 
Collector Saturation Voltage 
(In = 8 mA, Ice = 50 mA) Veron 30 v 
Base Saturation Voltage (In = 3 mA, Ic = 50 mA) Vorwatd 85 Vv 
SMALL SIGNAL CHARACTERISTICS 
Forward Current Transfer Ratio Collector Voltage 
(Vo = 4.5V, Ic = 2mA, f = 1 kHz) here 180 
Typical 
Forward Current Transfer 
Ratio a _ hee 180 
Input Impedance ae vss a = oe hie 5100 ohms 
Output Admittance _ ica hee 14 umhos 
Voltage Feedback Ratio hie 27 x10" 


—i 
a 2 4 6 B10 2 4 6 610 20 40 6080100 200 400600800 


Ig —mA 

7 
a 
1 


, Ee ie I ae 
7 || 
7 i: 


20 
Bis 
e 100 
Big 
F: : 2 4 6 8 1.0 1.2 1.4 


“240-30 -20 <0 0 10 20 30 40 50 60 70 60 90 100 Vee — VOLTS 
TEMPERATURE — °C 


ce heel ae eee ae T 
h PARAMETERS VS TEMPERATURE 


VoersariVS I¢ 
Ig/Ig 20 


{444 + 44 


Veesari—™¥ 
h PARAMETERS 
NORMALIZED TO 25°C 
3} 


L 440 -30 -20 -10 ° 10 20 30 40 50 60 70 B80 90 100 
a 12 4 6 810 2 4 6 810 20 40 6080100 200 400 600800 TEMPERATURE IN °C 
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ol 
° 


T =I tot 
# 2.5|____h PARAMETERS VS VOLTAGE 
a 
220 
> 
uo 
bo 
we 5 
zg | 
a Siro 
#3 
x 8 T 
2 
6 
k 40 60 80 100 
Voce IN VOLTS 
100 
if } = f 
60 + h PARAMETERS VS Ic 
40 + Vo HOV i 
f =IkHz 
Ta = 25° h 
20 hie (id a | oes Pee ce 
3 hee 
2 10 i + | 
e 8 | 4 
a6 + I 
a 
z 4 T TT 7 
°o 
g 
2 
G 2 +. } t 
inf Bie 
Fi h 
= 10-——+ -+ - 
a 68 =. 
eg oe ‘ 
les ima 
BE tt + 
hy 
Al a 0 ell 
Ol 02.04 06.08 10 2 4 6 810 2 4 6 B10 20 40 60 80100 
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4 -& 8 LO 2.0 490 60 8010 20 
Veg OR Vcg — VOLTS 


40 


40 


100 


fo) ' 2 3.4 5 6 7 8 9 10 | 2 3 4 5 6 7 8 9 10 fe] { 2 3 4 5 6 7 8 9 «#10 
Voce Vce 
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Typical Common Emitter Current Characteristic Curves 
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eLceare (AZcaeae Hed 
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ptt rN eee a 
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Typical Common Emitter Characteristic Curves 
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Silicon 


Transistors 


2N4983,6 


The General Electric SUS is a silicon planar, monolithic integrated circuit hav- 
ing thyristor electrical characteristics closely approximating those of an “ideal” 
four layer diode. The device is designed to switch at 8 volts with a 0.02% /°C tem- 
perature coefficient. A gate lead is provided to eliminate rate effect, obtain trig- 
gering at lower voltages and to obtain transient free wave forms. 


Silicon Unilateral Switches are specifically designed and characterized for use in 
monostable and bistable applications where low cost is of prime importance. These 
devices are in the TO-18 hermetic package. 


Applications Include: 
e SCR Triggers 
e Frequency Dividers 


e Ring Counters 


absolute maximum ratings: 
25°C free air) (unless otherwise specified) 


Storage Temperature Range 
Junction Temperature Range 
Power Dissipation* 

Peak Reverse Voltage 

DC Forward Anode Current* 
DC Gate Current*} 


Peak Recurrent Forward Current 
(1% duty cycle, 10 psec pulse 
width, Ts = 100°C) 


Peak Non-Recurrent Forward Current 


(10 psec pulse width, T, = 25°C) 


*Derate linearly to zero at 125°C, 


—65 to +150 
—55 to +125 
300 
—30 


5.0 


+This rating applicable only in OFF state. . ; 
Maximum gate current in conducting state limited by maximum power rating. 


® Cross Point Switching 


e Over-Voltage Sensors 


°C 

°C 
mW 
Volts 
mA 
mA 


Amp 


Amps 


EQUIVALENT CIRCUIT 


CIRCUIT SYMBOL 


electrical characteristics: (25°C) (unless otherwise specified) 


STATIC 


Forward Switching Voltage 
Forward Switching Current 
Holding Current 
Reverse Current 
Ve = —380V, Ta = 25°C) 
(Vax = —30V, Ta = 100°C) 
Forward Current (off state) 
(Vr = 5V, Tas = 25°C) 
(Ve = 5V, Ta = 100°C) 
Forward Voltage Drop (on state) 
(Ir = 175 mA) 


Temperature Coefficient of Switching 


Voltage (Ta = —55°C to +100°C) 


DYNAMIC 


Turn-on Time (See Circuit 1) 
Turn-off Time (See Circuit 2) 

Peak Pulse Voltage (See Circuit 3) 
Capacitance (OV., f = 1 MHz) 


2N4983 
Min. Typ. 


6.0 10.0 
500 


1.5 


0. 
10. 


oo or 


1 
10. 


15 


1.0 
25.0 
3.5 
2.5 


Max. 


Min. 


7.0 


3.5 


DIMENSIONS WITHIN 
JEDEC OUTLINE TO-I8 


NOTE 1: Lead diameter 1s controlled in the 
zone between 050 and 250 trom the seat: 
ing plane. Between 250 and end of tead a 
max. of 021 1s held 

MOTE 2: Leads having maximum diameter 
(019) measured in gaging plane 054 +00) 
— .000 below the seating plane of the device 
shall be within 007 of true position reta: 
tive to. a maximum width tab. 

WOTE 3: Measured from max diameter of 
the actual device 


ALL DIMEN.IN INCHES AND ARE 
REFERENCE UNLESS TOLERANCED 


2N4986 


Typ. Max. 


9.0 
200 


1.0 
25.0 


2.5 


028 i 
{NOTE 3) 


SEATING 
PLANE 


3 LEADS 
002 
017 O05 
(NOTE 1) 
CONNECTED 


INTERNALLY 
TO HEADER 


2N4983, 6 bail bad 


i 
PARAMETER DEFINITIONS 


Static 
Characteristics 


TEST CIRCUITS 


KA 


MERCURY 
RELAY 


+12V — 


oO 
Cc 
4 
ANODE 
VOLTAGE 


Circuit 1 
Turn-on Time, ton 


ton (Vp +. (Vg - Ve )) 


Turn-on time is measured from the time the anode voltage first reaches Vs to the time where the anode voltage has fallen 
90% of the difference between Vs and Vr. 


+5V —— 


Circuit 2 
Turn-off Time, tore 


The turn-off test is begun with the SUS in conduction and the relay contacts open. At t = 0 the contacts close and the anode 
is driven negative. C is adjusted downward, so that when the anode voltage becomes positive, the SUS just remains off. The 
turn-off time, turer, is the time between initial contact closure and the point where the anode voltage passes up through zero 
volts. The capacitor is allowed to fully charge to 5 volts, at which time the contacts are reopened and the SUS triggers on. 


iokKN ON 


Circuit 3 15V -~ 
Vv. : flomsee] | | VIN 20n. \p 


ANODE CURRENT 


toge ~ #SEC. 


tore “HSEC 


10 20 30 40 50 60 7o 80 90 100 
I, “ANODE CURRENT-mA 


-SO -25 ° +25 +50 +475 +100 +125 +150 +175 
Ty ~AMBIENT TEMPERATURE -°C 
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TYPICAL CHARACTERISTICS 
© 2N4983, 6 
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+ ——— 
Tas tOO mA 
= 


+ 


AGE DROP vs 
4 
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Vp ~FORWARD VOLTAGE DROP -VOLTS 
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2N4983, 6 V=I5 volts 


APPLICATIONS 


BINARY DIVIDER CHAIN 


Uses fewer components than transistor flip 
flops. Output at “B” gives transient free 
waveform. 


SUS'S -2N4983 


MOTOR SPEED CONTROL gone 


Switching action of the 2N4986 allows smaller 
capacitors to be used while achieving reliable 
thyristor triggering. 


SERIES WOUND 
UNIVERSAL MOTOR 


1okN lok 
+ 


OUTPUT PULSE: OUTPUT 
PULSE PULSE 


(a} POSITIVE OUTPUT (b) NEGATIVE OUTPUT 
INPUT TO ISV 
BOTH CIRCUITS 
PULSE SHARPENERS Laue San 
SUS is used to generate a rapid rise or fall 
. . . Ms OUTPUT OF CIRCUIT (a) 
time by using energy stored in a capacitor. 


OUTPUT OF CIRCUIT (b) V 


(c) TYPICAL WAVEFORMS 


RING COUNTER FOR INCANDESCENT LAMPS 


‘“ 
CLEAR 
AND SET 
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Silicon 
2N4984,5 


Unilateral Switch 
(SUS) 


The General Electric SUS is a silicon planar, monolithic integrated circuit hav- 
ing thyristor electrical characteristics closely approximating those of an “ideal” 
four layer diode. The device is designed to switch at 8 volts with a 0.02% /°C tem- 
perature coefficient. A gate lead is provided to eliminate rate effect, obtain trig- 
gering at lower voltages and to obtain transient free wave forms. 


Silicon Unilateral Switches are specifically designed and characterized for use in 
monostable and bistable applications where stability of the switching voltage is 
required over wide temperature variations. These devices are in the TO-18 her- 
metic package. 


Applications Include: e Ring Counters EQUIVALENT CIRCUIT DIMENSIONS WITHIN 
© SCR Triggers e Cross Point Switching SEE CURRIES TOP 


@ Frequency Dividers e Over-Voltage Sensors 


WOTE 1: Lead diameter is controlled in the 
zone detween 050 and 250 from the seat 
ing plane. Between 250 and end of lead a 
max. of 021 is held 

WOTE 2: Leads having maximum diameter 
(019) measured in gaging plane 054 + 001 


absolute maximum ratings 
25°C free air) (unless otherwise specified) 


_ rine below the seating plane of the device 
Storage Temperature Range —65 to+200 °C Menem 
. iS MOTE 3: Measured trom max diameter of 
Junction Temperature Range —55 to +150 C the actual device 
Power Dissipation* 350 mW 
Peak Reverse Voltage —30 ~=~Volts CIRCUIT SYMBOL 
DC Forward Anode Current* 200 mA ‘s counecren 
DC Gate Current*t 5 mA 10 HEADER 
Peak Recurrent Forward Current e O56 
(1% duty cycle, 30 usec pulse 028 
width, T, = 100°C) 1.0 Amp REFERENCE UNLESS TOLEGANCED 


Peak Non-Recurrent Forward Current 
(10 usee pulse width, T, = 25°C) 5.0 Amps 
*Derate linearly to zero at 150°C. 
+This rating applicable only in OFF state. ; ; 
Maximum gate current in conducting state limited by maximum power rating. 


electrical characteristics: (25°C) (unless otherwise specified) 


2N4984 2N4985 UNITS 

STATIC Min. Typ. Max. Min. Typ. Max. 
Forward Switching Voltage Vs 7.5 9.0 7.5 8.2 Volts 
Forward Switching Current Ix 150 300 pA 
Holding Current In 05 5 .05 1.0 mA 
Reverse Current 

(Ve = —80V, Ts = 25°C) Ir A al BA 

(Vr = —30V, T, = 150°C) Ir 10.0 10.0 pA 
Forward Current (off state) 

Vr = 5V, Ts = 25°C) Is ai .010 pA 

(Vr = 5V, Ts = 150°C) Ip 10.0 1.0 nA 
Forward Voltage Drop (on state) 

(lr = 200 mA) Ve 1.5 1.5 Volts 
Temperature Coefficient of Switching 

Voltage (Ta = —55°C to + 150°C) Te +.05 +.02 %/°C 
DYNAMIC 
Turn-on Time (See Circuit 1) ton 1.0 1.0 usec 
Turn-off Time (See Circuit 2) tort 25.0 25.0 usec 
Peak Pulse Voltage (See Circuit 3) Vo 3.5 3.5 Volts 
Capacitance (0V., f = 1 MHz) C 2.5 2.5 pF 
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PARAMETER DEFINITIONS t 


Static y 
Characteristics 


TEST CIRCUITS 
KN 


MERCURY 
RELAY 


0 ZI 
ey DUT 
+12V — 


ANODE 
VOLTAGE 


Circuit 1 
Turn-on Time, ton ton (Vet. H(Vg-Ve)) 


Turn-on time is measured from the time the anode voltage first reaches Vs to the time where the anode voltage has fallen 
90% of the difference between Vs and Vr. 


ANODE 
VOLTAGE + 


+5V —— 


Circuit 2 

Turn-off Time, torr - 
The turn-off test is begun with the SUS in conduction and the relay contacts open. At t = 0 the contacts close and the anode 
is driven negative. C is adjusted downward, so that when the anode voltage becomes positive, the SUS just remains off. The 
turn-off time, t.rr, is the time between initial contact closure and the point where the anode voltage passes up through zero 
volts. The capacitor is allowed to fully charge to 5 volts, at which time the contacts are reopened and the SUS triggers on. 


O. lL F 


1lOkKN 
Circuit 3 I5V-- 
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Vs -SWITCHING VOLTAGE-VOLTS 
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Tg -TEMPERATURE COEFFICIENT -% /°C 


TYPICAL CHARACTERISTICS 2N4984, 5 
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2N4984, 5 


APPLICATIONS 
l2v 


1iookN 


OVERVOLTAGE PROTECTION CIRCUIT 


For overvoltages, SCR turns on and blows 
fuse. For rapidly rising voltages, circuit 
triggers between 13.2 & 14 volts. For slowly 
increasing voltages, circuit triggers between 
14 & 17 volts. 


+15V 


10kHz OSCILLATOR 


Capacitor charges until switching voltage is 2N4984 ee 
reached. When SUS switches on, inductor 
causes current to ring. When current thru lOOaH 
SUS drops below holding current, device OUTPUT 
turns off and cycle repeats. 

8kHz — 4kuz 2kHz kHz 


OSCILLATOR 


Ol 


FREQUENCY DIVIDER WITH TRANSIENT 
FREE OUTPUT 


Spikes in center of sawtooth are eliminated 
in this circuit by triggering at gate. 


E SUS - 2N4985 


FREQUENCY DIVIDER CHAIN 


Sawtooth Output from each stage is one half x47 oscitator 
frequency of preceding stage. SUS- 2N4985 = 
434 


Silicon Economy 


Unilateral Switch 
(SUS) 


2N4987,90 


The General Electric SUS is a silicon planar, monolithic integrated circuit hav- 
ing thyristor electrical characteristics closely approximating those of an “ideal” 
four layer diode. The device is designed to switch at 8 volts with a 0. 02% /°C tem- 
perature coefficient. A gate lead is provided to eliminate rate effect, obtain trig- 
gering at lower voltages and to obtain transient free wave forms. 


Silicon Unilateral Switches are specifically designed and characterized for use in 
monostable and bistable applications where low cost is of prime importance. These 
devices are in the low cost, TO-98 plastic package. 


Applications Include: 
e SCR Triggers 
® Frequency Dividers 


® Ring Counters 


absolute maximum ratings: 


© Cross Point Switching 


© Over-Voltage Sensors 


EQUIVALENT CIRCUIT 
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DIMENSIONS WITHIN 
JEDEC OUTLINE TO-98 


NOTE 1: Lead diameter is controlled in the 
zone between .070 and .250 from the seat- 


° * : 
(25 C free ai r) (unless otherwise specified) Wa ane Betws 230 ap eat Ian “L388 
Storage Temperature Range —65 to +150 °C 
i —55 to +125 °C ALL DIMEN. IN INCHES AND ARE MIN PLANES 

Junction Temperature Range Rel OME A ROES AND ARE. f] fl. 
Power Dissipation* 300 mW |- }-|.050+ .cos 
Peak Reverse Voltage —30  ~=Volts CIRCUIT SYMBOL Sia + Ha os 
DC Forward Anode Current* 175 mA sor7 +802 oe 
DC Gate Current*} 5 mA A (NOTES)? ard 
Peak Recurrent Forward Current 

(1% duty cycle, 10 usec pulse é 

width, T, = 100°C) 10 Amp 
Peak Non-Recurrent Forward Current 

(10 usec pulse width, Ts = 25°C) 5.0 Amps c 
*Derate linearly to zero at 125°C. 
+This rating applicable only in OFF state. . 

Maximum gate current in conducting state limited by maximum power rating. 
. . ° 
electrical characteristics: (25°C) (unless otherwise specified) 
2N4987 2N4990 
STATIC Min. Typ. Max. Min. Typ. Max. 
Forward Switching Voltage Vs 6.0 10.0 7.0 9.0 Volts 
Forward Switching Current Is 500 200 pA 
Holding Current lu 1.5 75 mA 
Reverse Current 
Vr = —380V, Ta = 25°C) Ik 0.1 0.1 HA 

(Va = —380V, Ts = 85°C) Tr 10.0 10.0 HA 
Forward Current (off state) 

(Vr = 5V, Ts = 25°C) Ip 1.0 0.1 pA 

(Vr = 5V, Ta = 85°C) I 10.0 10.0 BA 
Forward Voltage Drop (on state) 

(Ir = 175 mA) Vy 15 1.5 Volts 
Temperature Coefficient of Switching 

Voltage (T, = —55°C to +85°C) Te +.02 +,.02 %/°C 
DYNAMIC 
Turn-on Time (See Circuit 1) ton 1.0 1.0 usec 
Turn-off Time (See Circuit 2) tore 25.0 25.0 psec 
Peak Pulse Voltage (See Circuit 3) Vo 3.5 3.5 Volts 
Capacitance (0V., f = 1 MHz) Cc 2.5 2.5 pF 


2N4987, 90 


PARAMETER DEFINITIONS 


Static Mi 
Characteristics 


TEST CIRCUITS 
n 


MERCURY 
RELAY 


+12V — 


Oo 
i 
a4 
ANODE 
VOLTAGE 


Circuit 1 
Turn-on Time, ton ton (Ve +. (Vg ~ Vp) 


Turn-on time is measured from the time the anode voltage first reaches Vx to the time where the anode 


voltage has fallen 
90% of the difference between Vs and Vr. 
+ 
WJ 
oa 
Or 
Zo 
t > 
+5V —_ 
t 
Circuit 2 
Turn-off Time, tore = 


The turn-off test is begun with the SUS in conduction and the relay contacts open. At t = 0 the contacts close and the anode 
is driven negative. C is adjusted downward, so that when the anode voltage becomes positive, the SUS just remains off. The 
turn-off time, turr, is the time between initial contact closure and the point where the anode voltage passes up through zero 
volts. The capacitor is allowed to fully charge to 5 volts, at which time the contacts are reopened and the SUS triggers on. 


loKN 0.1 uaF 


Circuit 3 Sv - “ffomsec] nN 
lOmsec Vv 
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tore VS TEMPERATURE 


tore ~HSEC. 
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Vg -SWITCHING VOLTAGE-VOLTS 
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+.01 +02 +03 +04 


TYPICAL CHARACTERISTICS 


10 100 
Ty,-ANODE CURRENT-mA 


——— 
FORWARD AND REVERSE LEAKAGE 
CURRENT VS TEMPERATURE 


+100 = +150, +200 
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2N4987, 90 


ios 


0 +25 
Ty-AMBIENT TEMPERATURE -° 


+50 +75 


+100 +125 
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[Eel ae] 


cs a 


FORWARD VOLTAGE DROP VS. TE 
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Ty=200mA 


NS 


TTT TT [vege as a runction oF Load’ || 
RESISTANCE AND CHARGING 
| APACITANCE. | 


ge gues Eee a el 
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=) 5 OHMS 
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C-pF 


2N4987, 90 wens 


APPLICATIONS 


BINARY DIVIDER CHAIN 


Uses fewer components than transistor flip 
flops. Output at “B” gives transient free 
waveform. 


SUS'S - 2N4987 


2N4990 
2N4986 GE 


MOTOR SPEED CONTROL sy IN5059 
60Hz 


Switching action of the 2N4990 allows smaller 
capacitors to be used while achieving reliable 
thyristor triggering. 


IN5059 Ol ar 
SERIES WOUND 
UNIVERSAL MOTOR 


1okN okN 
+ 


2N4987 


PULSE . + INPUT 


OUTPUT PULSE 
PULSE 


OUTPUT 
PULSE 


(a} POSITIVE OUTPUT (b) NEGATIVE OUTPUT 


INPUT 10, I5V 
B IRCUITS 
PULSE SHARPENERS ca all 
SUS is used to generate a rapid rise or fall gape cee uR HES \ 
time by using energy stored in a capacitor. 

OUTPUT OF CIRCUIT (b) y 


(c) TYPICAL WAVEFORMS 


Ring Counter for Incandescent Lamps. N 
CLEAR 
AND SET 


SUS - 2N4390 SUS-2N4986 
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Silicon Economy 2N4988.9 


Unilateral Switch 
(SUS) 


The General Electric SUS is a silicon planar, monolithic integrated circuit hav- 
ing thyristor electrical characteristics closely approximating those of an “ideal” 
four layer diode. The device is designed to switch at 8 volts with a 0.02% /°C tem- 
perature coefficient. A gate lead is provided to eliminate rate effect, obtain trig- 
gering at lower voltages and to obtain transient free wave forms. 


Silicon Unilateral Switches are specifically designed and characterized for use in 
monostable and bistable applications where stability of the switching voltage is 
required over wide temperature variations. These devices are in the low cost, TO-98 
plastic package. 


Applications Include: ¢ Ring Counters EQUIVALENT CIRCUIT 
° i ® Cross Point Switchin 1208 
SCR Triggers ol 8 DIMENSIONS WITHIN t ‘os | 
e Frequency Dividers ® Over-Voltage Sensors JEDEC OUTLINE TO-98 190 
b tut : tj NOTE 1 Lead diameter i contrated inthe = ars 
zone Ee if Seat- — 
a S > ute Maximum ratin g Ss ing ane: Seween 250 and end of lead a O55 265 
7 max. of | is . “325 
(25 C free air) (unless otherwise specified) : ees 
Storage Temperature Range —65 to +200 °C ALL DIMEN. IN INCHES AND ARE MIN PLANES 
Junction Temperature Range —55 to +150 °C RE penn ners teria 050+ .005 
Power Dissipation* 350 mW Pra 4 _ eel 
Peak Reverse Voltage ~—30 Volts CIRCUIT SYMBOL corr #202 090 
DC Forward Anode Current* 200 mA A MOTE ae 
on 
DC Gate Current*t 5 mA 
Peak Recurrent Forward Current @ 
(1% duty cycle, 10 usec pulse 
width, T, = 100°C) 1.0 Amp 
Peak Non-Recurrent Forward Current 7 
(10 usec pulse width, T, = 25°C) 5.0 Amps 


*Derate linearly to zero at 150°C. 


+This rating applicable only in OFF state. . : ‘ 
Maximum gate current in conducting state limited by maximum power rating. 


electrical characteristics: (25°C) (unless otherwise specified) 


2N4988 2N4989 UNITS 
STATIC Min. Typ. Max, Min. Typ. Max. 
Forward Switching Voltage Vs 7.5 90 7.5 8.2 Volts 
Forward Switching Current Is 150 800 BA 
Holding Current Ta .05 5 05 1.0 mA 
Reverse Current 
Va = —380V, Ta = 25°C) Ip al Al uA 

(Vr = —30V, Ta — 100°C) Tk 10.0 10.0 uA 
Forward Current (off state) 

(Ve = 5V, Ts = 25°C) In A 010 pA 

(Vr = 5V, Ts = 100°C) Is 10.0 1.0 uA 
Forward Voltage Drop (on state) 

(Ir = 200 mA) Vr 1.5 1.5 Volts 
Temperature Coefficient of Switching 

Voltage (Ts = —55°C to +100°C) Tc +.05 +.02 %o/°C 
DYNAMIC 
Turn-on Time (See Circuit 1) ton 1.0 1.0 usec 
Turn-off Time (See Circuit 2) tore 25.0 25.0 usec 
Peak Pulse Voltage (See Circuit 3) Vo 3.5 3.5 Volts 
Capacitance (OV., f= 1MHz) Cc 2.5 2.5 pF 
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the, 
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PARAMETER DEFINITIONS A 
Static Vp eal aaa 7 y 
Characteristics Z fw“ Y 


TEST CIRCUITS 
kN 


MERCURY 
RELAY 


+12V 


o 
Cc 
4 
ANODE 
VOLTAGE 


Circuit 1 
Turn-on Time, ton ton (Ve+.1(Vg- Vp )) 


Turn-on time is measured from the time the anode voltage first reaches Vs 


to the time where the anode voltage has fallen 
90% of the difference between Vs and Vy. 


ANODE 
VOLTAGE + 


+5V 


Circuit 2 
Turn-off Time, tore 


The turn-off test is begun with the SUS in conduction and the relay contacts open. At t = 0 the contacts close and the anode 
is driven negative. C is adjusted downward, so that when the anode voltage becomes positive, the SUS just remains off. The 
turn-off time, t.rr, is the time between initial contact closure and the point where the anode voltage passes up through zero 
volts. The capacitor is allowed to fully charge to 5 volts, at which time the contacts are reopened and the SUS triggers on. 
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TYPICAL CHARACTERISTICS 
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I T rad 
VALLEY CURRENT AND SWITCHING CURRENT VS TEMPERATURE 
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Uv 


ESISTANCE AND CHARGING 


APACITANCE. | | 
160 cous EE CIRCUIT 3 
500 OHMS —+ 
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2N4988, 9 


APPLICATIONS 


l2v 


OVERVOLTAGE PROTECTION CIRCUIT 


For overvoltages, SCR turns on and blows 
fuse. For rapidly rising voltages, circuit 
triggers between 13.2 & 14 volts. For slowly 
increasing voltages, circuit triggers between 
14 & 17 volts. 


L 
re) 
A 
(¥) 
Z| 
2kn GEC32U 
1i0oN 


+15V 


10kHz OSCILLATOR 


2N4988 Ola 
Capacitor charges until switching voltage is 
reached. When SUS switches on, inductor 
causes current to ring. When current thru 1l0OaH 
SUS drops below holding current, device OUTPUT 
turns off and cycle repeats. 
8kHz 4kuHz 2kHz {KHz 


OSCILLATOR 


FREQUENCY DIVIDER WITH TRANSIENT 
FREE OUTPUT 


Spikes in center of sawtooth are eliminated 
in this circuit by triggering at gate. 


FREQUENCY DIVIDER CHAIN 


Sawtooth Output from each stage is one half gxuz osc LATOR 
frequency of preceding stage. SUS — 2N4989 = 
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Silicon Economy 


Bilateral Switch 
(SBS) 


The General Electric SBS is a silicon planar, monolithic integrated circuit having the 
electrical characteristics of a bilateral thyristor. The device is designed to switch at 
8 volts with a 0.02%/°C temperature coefficient and excellently matched characteristics 
in both directions. A gate lead is provided to eliminate rate effect and to obtain trig- 
gering at lower voltages. 


The Silicon Bilateral Switches are specifically designed and characterized for applica- 
tions where stability of switching voltage over a wide temperature range and well 
matched bilateral characteristics are an asset. They are ideally suited for half wave 
and full wave triggering in low voltage SCR and Triac phase control circuits. The 
2N4991 is in the low cost, TO-98 plastic package. 


absolute maximum ratings: (25°C free air) (unless otherwise specified) 


Storage Temperature Range —65to+150 °C 
Operating Junction Temperature Range —55 to +125 °C As 
Power Dissipation* 300 mW 
DC Forward Anode Curreni* 175 mA 
DC Gate Current *}+ 5 mA 
Peak Recurrent Forward Current 
(1% duty cycle, 10 usec pulse 
width, T, = 100°C) 1.0 Amp A, 
Peak Non-Recurrent Forward Current 
(10 usec pulse width, T, = 25°C) 5.0 Amps 


EQUIVALENT CIRCUIT 
*Derate linearly to zero at 125°C. 


}This rating applicable only on OFF state. Maximum gate current in 


A 
conducting state limited by maximum power rating. 7 


Ay 


CIRCUIT SYMBOL 


electrical characteristics:** (25°C) (unless otherwise specified) 


STATIC Min. Typ. 
Switching Voltage Vs 6 
Switching Current Is 
Absolute Switching Voltage 

Difference | Vse — Vs: | 
Absolute Switching Current 

Difference | Ise — Isi | 
Holding Current Tu 
Current (Off State) 

Vr => 5V, Ta = 25°C) Ip 

(Vr = 5V, Ts = 85°C) Is 
Temperature Coefficient of Switching Voltage 

(Ta = —55°C to +85°C) Te +.02 
Forward Voltage Drop (On State) 

(Ir = 175 mA) Vr 
DYNAMIC 
Turn-on Time (See Circuit 1) ton 
Peak Pulse Amplitude (See Circuit 3) Vo 3.5 
Turn-off Time (See Circuit 2) tore 


**This device is a symmetrical negative resistance diode. All electrical 
limits shown apply in either direction of current flow. 
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NOTE 1: Lead diameter is controlled in the 
zone between .070 and .250 from the seat- 
ing plane. Between 250 and end of lead a 
max. of 021 is held. 


ALL DIMEN. IN INCHES AND ARE 
REFERENCE UNLESS TOLERANCED 


— 91 


3 LEADS 


corr #002 
(NOTE 1) 
Max. 
10 V 
500 wA 
5 OV 
100) «vA 
15 mA 
10 wA 
10.0 ywA 
Jo f°C 
1.70 V 
1.0 usec 
Vv 
30.0 yusec 


. SEATING 
MIN PLANE 
pa aes) 


050 t 005 


4 -|.100+ 005 
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Bela STATIC CHARACTERISTICS 


-v Vsq +V 
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TEST CIRCUITS 


MERCURY RELAY 


ANODE VOLTAGE 


Circuit 1 
Turn-on Time, t,, 


MERCURY RELAY 


TURN OFF TEST; R, =Ro =500 0 
C,; ADJUSTED TO POINT WHERE 
TURN — OFF JUST OCCURS 


Circuit 2 
tore & (Rp +Ro)CI 


Turn-off Time, tors 


O. lar 


10K 


1I5V --- 
foms]um [| 
0 
Circuit 3 


Peak Pulse Amplitude, V, 
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TYPICAL CHARACTERISTICS 
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T, HOLDING CURRENT, Tg- SWITCHING CURRENT- pA 


HOLDING CURRENT AND SWITCHING CURRENT 
11 VS TEMPERATURE 
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-65 ~25 +15 +55 +95 +135 +175 


ay ie Fe ee ap ae es ae 
FORWARD VOLTAGE DROP VS AMBIENT TEMPERATURE -+-—+— 

wn 
2 1.6 
> + os See erst ee 
8 4 I, 7200 mA 
w Ihe i,t 
2 12 Ty 7100 mA | 4 
@ |. 
3 Tp 250 mA 
oa 10 + ie | 
o TatlOma 
Fs i ted r 
a | 
9 38 + 1 4} i i | 
: 4 al aE | t 
a T | nl 

6 T + =| 

| { H 1 
4 + 
-50 ~25 fe) +25 +50 +75 «=86+i100 «+125 +150) +175 


AMBIENT TEMPERATURE -°C 


% SHIFT FROM 25°C VALUE 
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Silicon Economy 


Bilateral Switch 
(SBS) 


The General Electric SBS is a silicon planar, monolithic integrated circuit having the 
electrical characteristics of a bilateral thyristor. The device is designed to switch at 
8 volts with a 0.02% /°C temperature coefficient and excellently matched characteristics 
in both directions. A gate lead is provided to eliminate rate effect and to obtain trig- 
gering at lower voltages. 


The Silicon Bilateral Switches are specifically designed and characterized for applica- 
tions where stability of switching voltage over a wide temperature range and well 
matched bilateral characteristics are an asset. They are ideally suited for half wave 
and full wave triggering in low voltage SCR and Triac phase control circuits. The 
2N4992 is in the low cost, TO-98 plastic package. 


la 


absolute maximum ratings: (25°C free air) (unless otherwise specified) 


Storage Temperature Range —65to+150 °C As 

Operating Junction Temperature Range —55 to+150 °C 

Power Dissipation* 350 mW 6 

DC Forward Anode Current* 200 mA x 

DC Gate Current*} 5 mA 

Peak Recurrent Forward Current 
(1% duty cycle, 10 usec pulse Ay 
width, T, = 100°C) 10 Amp 

Peak Non-Recurrent Forward Current EQUIVALENT CIRCUIT 
(10 usee pulse width, T, = 25°C) 5.0 Amps 

*Derate linearly to zero at 150°C. Ap 


{This rating applicable only on OFF state. Maximum gate current in 
conducting state limited by maximum power ratings. S 


Ay 


CIRCUIT SYMBOL 


electrical characteristics:** (25°C) (unless otherwise specified ) 


STATIC Min. 
Switching Voltage Vs 15 
Switching Current Is 
Forward Gate Current to Trigger 
(Vy = 5V, Re = 1k Q) Tor 
Absolute Switching Voltage 
Difference | Vse — Vs: | 
Absolute Switching Current 
Difference | Ise — Is: | 
Holding Current Tn 
Current (Off State) 
(Vr = 5V, Ta = 25°C) In 
(Ve = 5V, Ta = 100°C) I 
Temperature Coefficient of Switching Voltage 
(T = —55°C to +100°C) Te 
Forward Voltage Drop (On State) 
(Ie = 200 mA) Vr 
DYNAMIC 
Turn-on Time (See Circuit 1) ton 
Turn-off Time (See Circuit 2) tort 
Peak Pulse Amplitude (See Circuit 3) Vo 3.5 


| **This device is a symmetrical negative resistance diode. All electrical 
1 limits shown apply in either direction of current flow. 447 
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WOTE 1: Lead diameter is contealled in the 
zone between .070 and .250 from the seat- 
ing plane. Between .250 and end of lead a 
max. of .021 ts held. 


+500 SEATING 
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corr #002 080 
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Max. 
90 %V 
120 uA 
100 wA 
2 V 
10.0 ywA 
5 mA 
O01 pA 
10.0 pA | 
4.05 %/°C | 
1.70 V | 
1.0 psec 
30 = usec 
Vv I 


STATIC CHARACTERISTICS ‘| 
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TEST CIRCUITS 


MERCURY RELAY 


ANODE VOLTAGE 


Circuit 1 
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MERCURY RELAY 
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The circuit in Figure 1 is a simple hysteresis-free phase control circuit intended for lamp dimming and 
similar applications. The circuit requires only one RC phase lag network. To avoid the hysteresis (or 
“snap-on”) effect, the capacitor, C, is reset to approximately 0 volts at the end of every positive half cycle 
(for pot values such that no power is applied to the load). This is accomplished using the gate lead. At the 
end of the positive half, as the line voltage drops below the capacitor voltage, gate current flows from C 
out through the gate, D1 and 47k © resistor. The SBS fires and discharges C to 0 volts. In the negative half 
cycle diodes D2 and D1 clamp the gate voltage to ground and block the flow of gate current respectively. 
Electrical requirements of D1 and D2 are easily met. Any diode with Vr > 10 volts works fine. For- 
ward conductance must be fairly good since the voltage across D2 at 3mA must be smaller than the drop 
across the Triac gate, the SBS gate, and D1 at the trigger current of the SBS. The General Electric 
6RS5GC1UAJ1 (common cathode) dual diode makes an excellent choice. These are available from 
General Electric Semiconductor Products Department, Lynchburg, Virginia. 


APPLICATION IN HYSTERESIS-FREE PHASE CONTROL CIRCUIT 


Figure 2 shows the excellent degree of phase control available in the circuit. For the worst case unit, 
gmax = 155° (Vs = 7.5 volts, Is = 120pA). 


FIGURE 1 IISVAC 


SBS 2N4992 
DI,02-GE 6RSSGCILAJ | 
-COMMON CATHODE 


HYSTERESIS FREE PHASE CONTROL 
CIRCUIT. Vo (O) (INITIAL CAPACITOR 


VOLTAGE GOING IN TO HALF CYCLE) 


FIGURE 2 
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Silicon 
Bilateral Switch 


(SBS) 


The General Electric SBS igs a silicon planar, monolithic integrated circuit having the 
electrical characteristics of a bilateral thyristor. The device is designed to switch at 
8 volts with a 0.02%/°C temperature coefficient and excellently matched characteristics 
in both directions. A gate lead is provided to eliminate rate effect and to obtain trig- 
gering at lower voltages. 


The Silicon Bilateral Switches are specifically designed and characterized for applica- 
tions where stability of switching voltage over a wide temperature range and well 
matched bilateral characteristics are an asset. They are ideally suited for half wave 
and full wave triggering in low voltage SCR and Triac phase control circuits. The 
2N4998 is in the TO-18 hermetic package. 


absolute maximum ratings: (25°C free air) (unless otherwise specified) 


Storage Temperature Range —65 to+200 °C 
Operating Junction Temperature Range —55 to +150 °C Ag JEDEC OUTLINE TO-18 
Power Dissipation* 350 mW 
DC Forward Anode Current* 200 mA 6 site vito tina Soe i 
DC Gate Current *+ 5 mA ™ we decent ed te» 
Peak Recurrent Forward Current HOME 2 Let, burg asin, dane 
(1% duty cycle, 10 usec pulse shal be ety? af hoe poston vos 
width, T, = 100°C) 1.0 Amp A, mae Mae danete of 
Peak Non-Recurrent Forward Current 
(10 usec pulse width, T, = 25°C) 5.0 Amps EQUIVALENT CIRCUIT 


*Derate linearly to zero at 150°C. 


{This rating applicable only on OFF state. Maximum gate current in 


‘ Fick : A 
conducting state limited by maximum power rating. 2 


oe LES. 
ALL DIMEN.IN INCHES ND ARE (NOTE 3) es 


REFERENCE UNLESS TOLERANCED 


Ay 


CIRCUIT SYMBOL 


electrical characteristics:** (25°C) (unless otherwise specified ) 


STATIC Min. Typ. Max 
Switching Voltage Vs 6 10 V 
Switching Current Ig 500) vA 
Absolute Switching Voltage 

Difference | Vsz — Vai | 5 V 
Absolute Switching Current 

Difference | Ise — Isi | 100) uA 
Holding Current Tu 1.5 mA 
Current (Off State) 

Vr = 5V, Ts = 25°C) Ip 1.0 uA 

(Vr = 5V, Ts = 100°C) Iz 10.0 pA 
Temperature Coefficient of Switching Voltage 

(T = —55°C to +100°C) Tec +.02 “IC 
Forward Voltage Drop (On State) 

(Ir = 200 mA) Ver 1.70 V 
DYNAMIC 
Turn-on Time (See Circuit 1) ton 1.0 usec 
Peak Pulse Amplitude (See Circuit 2) Vo 3.5 Vv 
Turn-off Time (See Circuit 3) tort 30.0 usec 


**This device is a symmetrical negative resistance diode. All electrical 
limits shown apply in either direction of current flow. 
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STATIC CHARACTERISTICS 


MERCURY RELAY 


Circuit 1 . 
Turn-on Time, ton 


TEST CIRCUITS 


ANODE VOLTAGE 


MERCURY RELAY 


Circuit 2 
Turn-off Time, torr 


I5V --- 
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Circuit 3 


Peak Pulse Amplitude, V, 


TURN OFF TEST; R,;=Rp =500N 
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TURN— OFF JUST OCCURS 


tore 2 (RR, +RDICI 
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TYPICAL CHARACTERISTICS 
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Silicon 


Controlled Rectifier he eens0e0= 
0.8A RMS “UP TO 200 VOLTS |  2N5064 


TYPICAL APPLICATIONS: 


e Sensors © Controls ) == 
—~ Temperature — Small Motors 


— Pressure — Small Lamps 
—~ Dryness — Remote 
—~ Proximity 
e Switchin ae 
— Voltage ; 8 — ft 
Caco — Solid-State Relay bie 
— Relay Driver 
¢ Amplifiers (gate) — Counter 4g 
e Ti — Low Power Inverter . 7 2eare KE 
imers SEATING PLANE 3-ANODE 
¢ Logic Circuits e 120V AC Line Operation Tovmnou | INCHES MILLIMETERS], cs 
{ MIN. | MAX MIN MAX 
A i7o1ol 458 [5.33 1 
> [o1é6loe'| 407, 5 331 1,3 
be 016/015 407/482) 3 | 
a ¢ A7 5/205 4.96 5.20 
FEATURES: E Teshies} 3.9 4 ze 
Mo: e O98 5/105 2.42 [266 
e 200 uA Gate Sensitivity [a foastoss[ rs Tiss [| 
135] — 3.43 = 
e 6-Amp Surge t__|-soo0| — 112.70 = ts 
Lt | = (oso; — Le? 3] 
e i 2 250] = 6.35 = 3 
30 through 200 Volt Selection o—fitsp = tees et 1 
e Plastic TO-92 Package Ls _loeolios| 242 [266 
NOTES: 
e Low Vr 1, THREE LEADS, 
- 2. CONTOUR OF THE PACKACE BEYOND THIS ZONE IS 
e High dv/dt UNCONTROLLED. 
3. (THREE LEADS) #b2 APPLIES BETWEEN Ly AND Lo. 
#b APPLIES BETWEEN Lo AND .SINCH (12.70 MM) 
FROM SEATING PLANE. DIAMETER IS UNCONTROLLED 
IN Ly AND BEYOND .5 INCH (12.70 MM FROM SEATING 
PLANE 
MAXIMUM ALLOWABLE RATINGS 


REPETITIVE PEAK OFF-STATE | REPETITIVE PEAK REVERSE NON-REPETITIVE PEAK 


VOLTAGE, Vopr") VOLTAGE, Vprm'2) REVERSE VOLTAGE, Vasy!2-3) 
To = -65°C to +125°C Tc = 65°C to +125°C To = 65°C to +125°C 


2N5060 30 Volts* 30 Volts* 45 Volts* 


2N5061 60 Volts* 60 Volts* 80 Voits* 
2N5062 100 Volts* 100 Volts* 125 Volts* 
2N5063 150 Volts* 150 Volts* 180 Volts* 
2N5064 200 Volts* 200 Volts* 230 Volts* 


RMS On- State Curtents Irypnisy a 26 oie och net eens extend te BES IN SEA DERG eee 0.8 Ampere* 
Peak One Cycle Surge (non-rep) On-State Current, Ipgyy - eee ce ene eens 6 Amperes* 
Peak Gate Power Dissipation, Poy... - 2... eee cece eee eee ee eee ees 5 Watts* 
Average Gate Power Dissipation, EG CAN eis see Hare eae Se aS ES Sek edt Satie San oie hen ae 0.01 Watt* 
Peak Forward Gate Current, Igy... - 2. eee eee eee enn n eee nes 1 Ampere* 
Peak Reverse Gate Voltage, Vom... 0. nee ee eee ene eeeennees 5 Volts* 
Storage Temperature, TgTG. 6... eee eee ee eee tenn aes -65°C to +150°C* 
Operating Junction Temperature, Ty... 2... 00000 eee eee eae -65°C to +125°C* 


1 Rex = 1000 ohms. 

2 Values apply for zero or negative gate voltage only. 

3 Half sine wave voltage pulse, 5 millisecond duration. 

4 Maximum Allowable Case Temperature is 67°C for half sine wave of current at 60 Hz. 
*Indicates JEDEC Registered Data. 455 


CHARACTERISTICS 


Peak Reverse and Off- 
State Current 
(All Types) 


To = +25°C, Rox = 1000 ohms 
VRRM = VpRM = Rated Value. 


To = +125°C, Rex = 1000 ohms 
Vero = VprM = Rated Value. 


Ior - 200 pAdc To = +25°C, Vp = 7Vdc, 
R, = 100 ohms. 

*350 Tc = -65°C, Vp = 7Vde, 
R, = 100 ohms. 


Te = +25°C, Vp = 7Vdc, 
R, = 100 ohms. 


Te = -65°C, Vp = 7Vde, 
R, = 100 ohms. 


Te = +125°C, Rated VpRM> 
Ry, = 100 ohms. 


Peak On-State Voltage Vim *1.7 Vv To = +25°C, Ipm = 1.2A peak, 
1 msec. wide pulse, Duty Cycle <2% 
ly 5.0 mAdc Anode source voltage = 7Vdc, 
Rex = 1000 ohms. Te = +25°C 


dv/dt 20 V/psec Te = +25°C, Rated VprRM> 
Rgx = 1000 ohms. 
tq 


yyy — 


waveform. Rate-of-rise of current 
*75 °C/W 
230 


DC Gate Trigger 
Current 


DC Gate Trigger 
Voltage 


Circuit Commutated 
Turn-Off Time 
<10A/psec. Rate reversal of current 
<5A/usec. Ipy = 1A (SO usec. pulse). 
Rep. Rate = 60 pps. Vrrm = Rated, 
Vex = 15V Min., Vorm = Rated. 
Rate-of-rise of reapplied off-state 
voltage = 20V/psec.; Gate Bias = 0 
Volts, 100 Ohms (during turn-off 
time interval). 


Steady State 
Thermal Resistance 


Roy 


QO 


Junction-to-case (flat side of case is 
temperature reference point). 


Junction-to-ambient (free convection). 


*Indicates JEDEC Registered Data. 
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Silicon 
Transistors 


2N5088 
2N5089 


The General Electric 2N5088 and 2N5089 are Silicon NPN 
Planar Epitaxial Passivated Transistors designed for low level, 
low noise amplifier applications. 


absolute maximum ratings: (Ta = 25°C unless otherwise specified) 


Q ig 


ire tsar 


2N5088 2N5089 UNITS 
Voltages SEATINGPLANE |. EMITTER 
Collector to Emitter VcEKo 30 25 Volts TO-92 3 COLLECTOR 
Collector to Base Veo 35 30 Volts SYMBOL|—MILLIMETERS [INCHES Tio eg 
Emitter to Base VERO 4.5 4.5 Volts MIN. 7 
Current 
Collector Io 50 mA 
Dissipation 
Total Power Ta <25°C — P, 350 mW 
Total Power Te < 25°C Py 1.0 Watt 
Derating Factor T, > 25°C 2.8 mW/°C 
Derating Factor Te > 25°C 8 mw/°C 670/080). 
Temperature L THREE LEADS 
Operating Ty “55°C to +150°C °C CONT enE Oe PACKAGE UNCONTROLLED OUTSIDE 
Storage Tore 55°Cto 4150 ec MT ADD A APE TIRE, 
Lead (1/16”" + 1/32” from Ty +230°C °C FROM THE SEATING PLANE. O|AMETER IS UN- 
CONTROLLED IN L, AND BEYOND 12. 70MM (500") 
case for 10 sec.) FROM SEATING PLANE. 
electrical characteristics: (Ta = 25°C unless otherwise specified) 
2N5088 2N5089 
SYMBOL MIN. MAX. MIN. MAX. UNITS 
Static Characteristics : 
Collector-Emitter Breakdown Voltage | 
(Ic = lmA, Ip = 0) V(BR)CEO 30 = 25 = Volts 
Collector-Base Breakdown Voltage 
(Ic = 100 HA, Ig = 0) ViBr)cBo 35 — 30 — Volts 
Collector Cutoff Current 
(Vcp = 20V, Ip = 0) Icpo = 50 — = nA 
(Vcp = 15V, Ig = 0) IcRo _ _ _ 50 nA 
Emitter Cutoff Current 
(VER = 3V, Ic = 0) lego = 50 a 50 nA 
(Vep = 4.5V, Ig = 0) lEBo - 100 — 100 nA 
Forward Current Transfer Ratio 
(lc = 100HA, Vex = 5V) hee 300 900 400 1200 
(Ic = ImA, Veg = 5V) her 350 — 450 — 
(Ic = 10mA, Vcr = 5V) ther 300 = 400 = 
Collector-Emitter Saturation Voltage 
(Ic = 10mA, Ip = 1mA) TVor(sat) = 5 = 5 Volts 


Base-Emitter On-Voltage 
ad ics 10mA, Vcr = SV) TtVBE(on) 457 = 8 = 8 Volts 


2N5088 
2N5089 


2N5088 2N5089 
SYMBOL MIN. MAX. MIN. MAX. UNITS 

Dynamic Characteristics 
Gain Bandwidth Product 

(Vcr = 5V, Ic = 500uA, f = 20 MHz) f; 50 — 50 — MHz 
Collector-Base Capacitance 

(Vop = 5V, Ig = 0, f = 100 kHz) Con - 4.0 _ 4.0 pF 
Emitter-Base Capacitance 

(Vpx = -5V, Ic = 0, f = 100 kHz) Ceo _ 10 -- 10 pF 
Forward Current & Transfer Ratio 

(Vcr = SV, Ic = 1mA, F = 1 kHz) hee 350 1400 450 1800 
Noise Figure 

(Vor = 5V, Ic = 100A, Rs, = 10KQ2, NF - 3 _ 2 dB 


BW = 15.7 kHz f = 10Hz to 10kHz) 


*Indicates JEDEC Registered Data. 
+Pulse Width < 300us, Duty Cycle < 2%. 


I¢- eeu eeron CURRENT -mA 


NORMALIZED FORWARD CURRENT TRANSFER RAT! 


FORWARD CURRENT TRANSFER RATIO NORMALIZED 
TO .1mA VALUE VS. COLLECTOR CURRENT 
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2N5088 
: I 2N5089 


2N5088, 2N5089 
Lap TYPICAL BASE EMITTER ON 
VOLTAGE CHARACTERISTICS 
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BASE EMITTER VOLTAGE AND BASE EMITTER SATURATION 
VOLTAGE VS. COLLECTOR CURRENT 
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COLLECTOR EMITTER SATURATION VOLTAGE 
VS. COLLECTOR CURRENT 
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NOISE FIGURE VS. SOURCE RESISTANCE 
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2N5088 


2N5089 


NF- NOISE FIGURE-dB 


t- FREQUENCY -Hz 


NOISE FIGURE VS. FREQUENCY 


2N5086, 2N5089 
Ig elma 
Ty 25°C 
fs (KKe 


1KHz HYBRID PARAMETERS NORMALIZED TO THE 5 VOLT VALUE 


{KHz HYBRID PARAMETERS NORMALIZED TO ImA VALUE 


iS 2 28 6 ee: 8 228 4 6 8 
Ee - COLLECTOR CURRENT- mA Veg “COLLECTOR EMITTER VOLTAGE - VOLTS 
1kHz HYBRID PARAMETERS VS. 1kHz HYBRID PARAMETERS VS. 
COLLECTOR CURRENT COLLECTOR CURRENT 
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Silicon 
Transistors 


The General Electric 2N5172 and 2N6076 transistors are designed for general purpose 
applications. The planar, passivated construction assures excellent device stability and 
life. This high performance and high value is made possible by advanced manufacturing 
techniques, epoxy encapsulation and utilization of full line beta distribution. Significant 
savings may be realized by designing equipment utilizing these ‘full line distribution” 
type transistors. 


absolute maximum ratings: (25°C) (unless otherwise specified) 


Voltages 
Collector to emitter* VcEO 25 Volts “ 
Emitter to base* VEBo 5 Volts 
Collector to base* Verso 25 Volts 
Current 
Collector (steady state)}* Ic 100 mA 
Dissipation 
Total Power (free air at 25° C)¢+* Pr 360 mW 
Temperature ‘ 
StOr aE Tstg soa ee ie MOTE |: LEAD DIAMETER 1S CONTROLLED IN THE 
+ 3 1 Al t LLED IN 
Deere eshte 1/16" + 1/32” from Tj +125 Cc ZONE BETWEEN .070 AND .250 FROM THE SEATING 
? = PLANE. BETWEEN .250 ANO END OF LEAD A MAX. 
case for 10 seconds maximum T. +260 °c OF O21 IS HELD. 


{Determined from power limitations due to saturation voltage at this current. 
ttDerate 3.6 mW/°C increase in ambient temperature above 25° C. 


electrical characteristics: (25°C) (unless otherwise specified) 


Static Characteristics Min. Typ. Max. 
Collector Cutoff Current (Vcp = 25V),* r Icgo 100 nA 
(Vog = 25V; Ta = 100°C) Icpo 10 uA 
Collector Cutoff Current (Vcp = 25V) IcEs 100 nA 
Emitter Cutoff Current (Vgp = 5V)* 2N5172 TEBo 100 nA 
(Ves = 3V)* 2N6076 lEBo 100 nA 
Forward Current Transfer Ratio (Vor = 10V, Ic= 10 mA)* hpet 100 500 
Collector-Emitter Breakdown Voltage (Ic= 10 mA)* V(BR)CEO 25 Volts 
Collector Saturation Voltage (Ic= 10 mA, Ip= 1 mA)* VcE(sat) 25 Volts 
Base Saturation Voltage (Ic=10 mA, Ip= 1 mA) VBE(sat) 80 Volts 
Base Emitter Voltage (Vox = 10V, Ic= 10 mA)* VBE 0.5 1.2 Volts 


Dynamic Characteristics 
Forward Current Transfer Ratio (Vo = 10V, 1, = 10 mA, 


f= 1kHz)* Nee 100 750 
Output Capacitance, Common Base (Vop = 10V, I, =0, 
f= 1 MHz) Cop 1.0 13 pF 
Gain Bandwidth Product (Vo, = 5V, Ic = 2 mA)* fy 200 MHz 


fTypically a minimum of 50% of the distribution will have hrE > 150 at stated conditions. 
Note: Polarities are absolute. 
*Registered Values 
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Silicon 
Transistors 


2N5174,9,6 


The General Electric 2N5174-2N5176 are NPN silicon planar passivated transistors 
designed for high voltage applications. They are especially suited for driving high volt- 
age indicating devices. The planar, passivated construction assures excellent device 
stability and life. These high performance, high value transistors are made possible by 
advanced manufacturing techniques and epoxy encapsulation. 


absol ute maximum ratings: (25°C) (unless otherwise specified) 


2N5174 2N5175, 6 
Voltages p 298 4 
Collector to Emitter Ven 75 100 Volts 18 4 
Emitter to Base Vino 5 5 Volts MOTE 1: Lead ameter is coneoled in te | yy aD 
Collector to Base Vero 90 130 Volts seroare Between 730 and en fled 8 hw 265 
max. of 021 is held 205 
Current en 
Collector (Steady State) * Iu 25 25 mA REFERENCE, UNLESS. TOLERANCED = a 
Dissipation ee Lj 008 os 
Total Power (free air @ 25°C) F Py 360 200 mW worn Bee [990 
Total Power (free air @ 55°C) t¢ Pr 260 120 mW (wore to 
md 
Temperature 
Storage Tate —55 to +150°C 
Operating T; —55 to +125 
Lead soldering, 1/16” to 1/32” 
from case for 10 seconds max. Tu. +260°C 


*Determined from power limitations due to saturation voltage at this current. 
+Derate 2.67 mW/°C increase for temperature above 25°C. 


electrical characteristics: (25°C) (untess otherwise specified) 


Static Characteristics 


Min. Max. 

Collector Cutoff Current (Vcz — 60V) Teno 5 uA 
Emitter Cutoff Current (Vir = 5V) Tuno 100 uA 
Collector Saturation Voltage (I, = 10 mA, In — 1 mA)f¢ Viesaars 95 Volts 
Base Saturation Voltage (I; = 10 mA, In = 1 mA)t Vinca .60 .80 Volts 
Base Emitter Voltage (1¢ — 10 mA, Vex — 5V)t Var 20 80 Volts 
Collector to Emitter Breakdown Voltage (Ic = 10 mA) t Vinwcro 

2N5174 15 Volts 

2N5175 100 Volts 

2N5176 100 Volts 
Forward Current Transfer Ratio (V.., = 5V, I. = .1 mA) hee 

2N5174 30 

2N5175 40 

2N5176 100 

(Vex = 5V, Ice = 10 mA) t hey 

2N5174 40 600 

2N5175 55 a4 

2QN517 140 30 
Pulse test, 300 usec, 2% duty cycle. : 
Dynamic Characteristics 
Forward Current Transfer Ratio (Vc, = 5V, Ic = 10 mA, f = 1 kHz hire 

2N5174 40 900 

2N5175 55 240 

2N5176 140 450 


Output Capacitance, Common Base 
(Ves = 10V, Iu = 0, f = 1 MHz) Cur 5 pF 
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2N5204-07 


The 2N5204-07 series of silicon controlled rectifiers are reverse blocking triode 
thyristor semiconductor devices for use in medium power switching and phase 
control applications requiring blocking voltage up to 1200 volts, and average load 
current (single-phase, 180° conduction angle) up to 22 amperes. 


General Electric’s C137 SCR is recommended where a higher 
level of performance is required for a device of this size. 


MAXIMUM ALLOWABLE RATINGS 


2N5204 600 Volts} 600 Voltst 720 Voltst 
2N5205 800 Volts} 800 Volts} 960 Volts} 
2N5206 1000 Voits} 1000 Voltst 1200 Voltst 
2N5207 1200 Volts} 1200 Volts+ 1440 Voltst 


(1) Values apply for gate terminal open-circuited. (Negative gate bias is permissible.) 

(2) Maximum case-to-ambient thermal resistance for which maximum Vpry and Vagm fatings apply equals 5.0°C per watt for full sine wave or full-wave rectified 
sinusoidal volatge waveform. (3.0°C per watt is maximum case-to-ambient thermal resistance for pure de voltage waveform.) 

(3) Half sine wave voltage pulse, 10 millisecond maximum duration. 

(4) di/dt rating is established in accordance with ELA Standard RS-397, Section 5.2.2.6. Off-state (blocking) voitage capability may be temporarily lost immediately after 
each current pulse for duration less than the period of the applied pulse repetition rate. The pulse repetition rate for this test is 400 Hz. The duration of the JEDEC 
di/dt test condition is 5.0 seconds (minimum). 


RMS On-State Current, Incume. ie ne Ene eee nets 35 Amperes (all conduction angles) 
Average On-State Current, Inravy.. 0... ccc eee tte Depends on conduction angle (See Charts 3 and 5) 
Critical Rate-of-Rise of On-State Current, di/dt: (4) 
Gate triggered operation. ... 0.6.6... ccc EE eee E nee eet enn eee nets (See Chart 6) 
Switching from 1200 volts......0.. 0. cece en ener ere nett ee 75 Amperes per microsecond} 
LVOOO VMS x ieyeearicdcse g Se GN ate d Gad RE MA OU eke be ed a aD eat 80 Amperes per microsecondt 
SOO: WOltS «pokes eet e ach pnbe aie se AS Lipo Area eS. eee Ly 90 Amperes per microsecond} 
BOO VOLS ce Sc aos oe Ll ane ian ec lonbond oye ale, eta Me eter Ne ooh e eels a ire 100 Amperes per microsecond} 
Breakover voltage triggered operation.......... 0... cee ee tenet tne 10 Amperes per microsecond 
Peak One Cycle Surge (non-rep) On-State Current, Ivsm... 0... ee eee ee nent nee te etn t nes 300 Amperest 
I°t (for fusing), for time = 1.0 milliseconds (See Chart 9) ...---- secrete etter erence eee een es 200 Ampere? seconds 
for time = 8.3 milliseconds (See Chart 9)..-.--- +. esse e eee ect eet teen eens 375 Ampere? seconds 
Peak Gate Power Dissipation, Pom... .. 0... c cc cece ete ene nee ee eet nents 60 Watts for 500 microseconds} 
Average Gate Power Dissipation, Pacayy.. 0.0... cc ne eee ene EEE Renee eee eee es 10 Watts} 
Peak Negative Gate Voltage, Vam... 0.0... ccc cece EEE EERE Nene E ee tetera EE nents 5 Voltst 
Storage Temperature, Tsrq... 0... cc ee EEE EEE NEED EERE etree es —40°C to +150°Ct+ 
Operating Temperature, Ty... 0.0.00... eR EER ene nnn ete ete e eens —40°C to +125°C+ 
Maximum Stud Torque... 0.0.00. .00 0 cc eR EEE enn eee Ertan eee er eee es 30 Lb-in (35 Kg-em) 


tIndicates data included on JEDEC Type Number Registration. 
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2N5204-07 


Peak Off-State or 
Reverse Current (1) () 


2N5204 
2N5205 
2N5206 
2N5207 


CHARACTERISTICS 


Test Conditions 


—40° to 125°C 


= Vrrxw = 600 Volts Peak 
800 
1000 
1200 


D.C. Gate Trigger 
Current 


D.C. Gate Trigger 
Voltage 


Peak On-State 
Voltage 


+ 25°C, Vv = 12 Vde, Ry, = 12 ohms 
= — 40°C, Vv = 12 Vde, Ri = 12 ohms 

+ 25°C, Vp = 12 Vde, Ru = 12 ohms 
= — 40°C, Vv = 12 Vde, Ri = 12 ohms 
== + 125°C, Rated Vorx, Rr, =: 1000 ohms 


Te = + 25°C, Imm = 70 A peak, 1 msec wide pulse. 
Duty cycle S 2%. 


Holding Current 


Anode supply = 24 Vde, Gate supply = 10 V, 20 ohms. 
Initial Forward Current Pulse = 0.5 A, 0.1 to 10.0 
msec. wide. 


Tc = +25°C 


Critical Rate of Rise 
of Forward Blocking 
Voltage. (Higher 
values may cause 
device switching.) 


Volts/ysee |Tc = +125°C, Rated Vorm, Gate open circuited. 


Thermal Resistance 


°C/watt | Junction-to-case, de 


(1) Values apply for gate terminal open-circuited. (Negative gate bias is permissible.) 
(2) Maximum case-to-ambient thermal resistance for which maximum Vprm and Vrem ratings apply equals 5.0°C per watt for full sine wave or full-wave 
rectified sinusoidal voltage waveform. (3.0°C per watt is maximum case-to-ambient thermal resistance for pure de voltage waveform.) 


yIndicates data included on JEDEC Type Number Registration. 


NOTES: 


1. 


Complete threads to extend 
within 212 threads of seating 
plane. Diameter of unthreaded 
portion. 249” (6.32MM) Maxi- 
mum, .220” (5.59MM) Mini- 


mum. 


. Angular orientation of these 


terminals is undefined. 


. Va-28 UNF-2A. Maximum pitch 


diameter of plated threads 
shall be basic pitch diameter 
2268” (5.76MM), minimum 
pitch diameter .2225” 
(5.66MM), reference: screw 
thread standards for Federal 
Service 1957, Handbook H28, 
1957, Pl. 


. A chamfer (or undercut) on 


one or both ends of hexa- 
gonal portions is optional. 


. Case is anode connection. 
. Large terminal is cathode con- 


nection, 

. Small terminal is gate connec- 
tion. 

. Insulating kit available upon 
request. 

. Y4-28 steel nut, Ni. plated, 


.178 min. thk. 


. Ext. tooth lockwasher, 


steel, Ni. plated, .023 min. 
thk, 


SEATING 
PLANE 


OUTLINE DRAWING 


(COMPLIES WITH JEDEC TO-48) 
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INSTANTANEOUS ON—STATE CURRENT — AMPERES 


1. MAXIMUM ON-STATE CHARACTERISTICS 


MAXIMUM ALLOWABLE CASE TEMPERATURE ~—°C 


100 


tooo 
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ial {25°¢ 
== + 4 
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INSTANTANEOUS ON—STATE VOLTAGE — VOLTS 


Ll Cel (oe oe he 
a NOTES 
|. RESISTIVE OR INDUCTIVE LOAD, 50 TO 400Hz. 
2. CURVES APPLY FOR ANODE CURRENT RATE OF RISE: 
10 aes ee ee 10 AMPERES PER MICROSECOND MAXIMUM, +1 
3. RATINGS DERIVED FOR 1.0 WATT AVERAGE GATE 
POWER DISSIPATION. 
100 4,5°C PER WATT MAXIMUM THERMAL RESISTANCE, CASE 
TO AMBIENT. 
90 fob 
80 +. 4. 4 + 
70 + 
I 
60 + poy 4 __f_f—._-_f-f d 
CONDUCTION 
730° 
sc ANGLE + 30 sor 90% _ 120! it 
40 + 180° 4+_|-pe + 4 
30--— 4 - Sp tt 
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o* i i 
LO. Gonguerion ss T 
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AVERAGE ON ~STATE CURRENT — AMPERES 


3. MAXIMUM ALLOWABLE CASE TEMPERATURE FOR 
HALF-WAVE RECTIFIED SINE WAVE OF CURRENT 
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70 


60 


50 


40 
| 


CONDUCTION 
_ANGLES30° 


oF 180° 
‘ 1208 
CONDUCTION ANGLE 90° 


30 


+ + 
NOTES 

1. JUNCTION TEMPERATURE= 125°C. 
2. FREQUENCY = 50 TO 400 Hz. 

3. CURVES APPLY FOR ANODE 
CURRENT RATE OF RISE= 


IOAMPERES PER MICRO-. 
SECOND MAXIMUM. | 


le) 4 8 2 16 20 24 28 32 36 
AVERAGE ON- STATE CURRENT — AMPERES 


20 


AVERAGE ON-STATE POWER DISSIPATION — WATTS 


2. MAXIMUM ON-STATE POWER DISSIPATION FOR 
HALF-WAVE RECTIFIED SINE WAVE OF CURRENT 


AVERAGE ON~STATE POWER DISSIPATION — WATTS 


60 
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40 


30 
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4. 


] ~T T 5 my | 
50% 
4 4 
33% 
i 25% 
os ssl * =) |. 16.7% 
t)(100 
DUTY CYCLE = 6.3 % 
+ 
| 
NOTES 
|, JUNCTION TEMPERATURE#125°C . 
2. FREQUENCY = 50 TO 400 Hz. 
3. CURVES APPLY FOR ANODE CURRENT 
RATE OF RISE «10 AMPERES PER 
MICROSECOND MAXIMUM . | 
° 4 8 12 16 20 24 28 


AVERAGE ON-STATE CURRENT —AMPERES 


MAXIMUM ON-STATE POWER DISSIPATION 
FOR RECTANGULAR CURRENT WAVEFORM 


2N5204-07 
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to} 


1, FREQUENCY*400Hz MAXIMUM. 


ei es ee 


a 
fo 
fe] 


tog act 1-7 |) FREQUENCY =5070 400 Hz. 


At2. CASE TEMPERATURE =-40°C TO 4 
+ 125°C 4 


2. CURVES APPLY FOR ANODE CURRENT RATE OF 
110 — + RISE +10 AMPERES PER MICROSECOND MAXIMUM 


3, REQUIRED GATE DRIVE!1O VOLTS, 


8 


3. RATINGS DERIVED FOR I.0 WATT AVERAGE GATE 
POWER DISSIPATION. itl 


20 OHM SOURCE ,1.5 MICRO- 7 
SECONDS PULSE WIOTH MINIMUM, 
0.1 MICROSECOND RISE TIME 4 


3 
6 


4.5° C PER WATT MAXIMUM THERMAL RESISTANCE, 
55 CASE -TO—AMBIENT. 


8 


MAXIMUM. 
4. INSTANTANEOUS VALUE OF ON ~ 


: eile 


STATE CURRENT MUST NEVER 
EXCEED TURN-ON CURRENT 
LIMIT LINES SHOWN 

5, di/ dt RATING !S ESTABLISHED IN 
ACCORDANCE WITH JEDEC 


SUGGESTED STANDARD NO, 7, 


(BLOCKING) VOLTAGE CAPAB— 


SECTION 5.1.2.4, OFF—STATE | 


ILITY MAY BE TEMPORARILY 
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LOST AFTER EACH CURRENT 
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MAXIMUM ALLOWABLE CASE TEMPERATURE — °¢ 
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al ena 
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AVERAGE ON-STATE CURRENT ~ AMPERES 


5. MAXIMUM ALLOWABLE CASE TEMPERATURE FOR 
RECTANGULAR CURRENT WAVEFORM 


of 


10 
fa 
= 
Z 40 +——p— 
a 
ire} 
a. 
2 10 
i 
© 04 )CURVE DEFINES TEMPERATURE RISE OF 
2 JUNCTION ABOVE CASE TEMP. FOR SINGLE 
Pa LOAD PULSE OF DURATION t. PEAK ALLOW- 
my ABLE DISSIPATION IN THYRISTOR, FOR TIME t, 
S STARTING FROM CASE TEMP, EQUALS 125°C 
Ol 7 (MAX. Tg) MINUS CASE TEMP. DIVIDED BY THE} 
2 | TRANSIENT THERMAL IMPEDANCE: i 
= { _ 125% -Te 
hy; oF i: 1 Preak* By-¢ (1) 
=x 
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(2) FOR OPTIMUM RATINGS AND FURTHER INFORMATION SEE PUB. # 
200.9 ENTITLED "POWER SEMICONDUCTOR RATINGS UNDER 
Ate TRANSIENT AND INTERMITTENT, LOADS", j f 


0.001 0.004 0.0! 0.04 Ol 0.4 10 40 ite) 40 100 
TIME (t)~ SECONDS 


7. MAXIMUM TRANSIENT THERMAL IMPEDANCE, 
JUNCTION-TO-CASE 


8 
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250 


200 


150 


100 


: 


JUNCTION TEMPERATURE IMMEDIATELY 
PRIOR TO SURGE = — 40°C TO+ 125°C 


NOTE 


50 


PEAK HALF SINE WAVE ON-STATE CURRENT— 
AMPERES 


1 2 4 6 8 10 20 40 60 80 100 
CYCLES AT 60 Hz 


8. MAXIMUM ALLOWABLE SURGE (NON-REPETITIVE) 
ON-STATE CURRENT 
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o 
° 
MAXIMUM ALLOWABLE PEAK ON—STATE CURRENT — AMPERES 
eo > 
3.36 
TIT) 
tH 


PULSE FOR OURATIONS LESS 
THAN THE PERIOD OF THE 

APPLIED PULSE REPETITION 
RATE. THE PULSE REPETITION | 
RATE FOR THIS TEST IS 400Hz| 
THE DURATION OF THE JEDEC 
di/dt TEST CONDITION IS 5.0 


SECONDS MINIMUM. 
ja L | aot | 


04 06 08 10 2 4 6 8 10 20 40 60 80100 
TIME FROM START OF CURRENT FLOW — MICROSECONDS 


6. TURN-ON CURRENT LIMIT 


8 
4 
8 
wn 
% ~ 

wr 
e= 
ao + 
z FOR HALF SINE 
¢ 
Lad 

tron HALF SINE WAVE 

w OF CURRENT 
LU} 
ir 
2 NOTES: 
Nea |. THIS OVERLOAD MAY 
a & BE APPLIED FOLLOWING 
¥ DEVICE OPERATION AT ANY 
9a VOLTAGE OR CURRENT WITHIN ITS 
2 | STEADY STATE RATING LIMITS. 
ak 

Zz 
Ww ig DEVICE JUNCTION TEMPERATURE HAS COOLED 
at DOWN TO WITHIN STEADY-STATE RATED VALUE . 
“3 3. NO BLOCKING VOLTAGE RATING 1S IMPLIED DURING 
z OR IMMEDIATELY FOLLOWING THE OVERLOAD 
2 CURRENT INTERVAL . 
t 4. JUNCTION TEMPERATURE IMMEDIATELY PRIOR TO 
wi OVERLOAD =—40° TO +125°C. 


| 15 2 25 3 4 5 6 7 8910 
PULSE BASE WIDTH — MILLISECONDS 


9. MAXIMUM ALLOWABLE SUB-CYCLE SURGE 
(NON-REPETITIVE) ON-STATE CURRENT 
AND FT RATING 


Silicon 
Transistor 


The General Electric 2N5219 is a Silicon NPN Planar Epi- —A 
taxial Passivated Transistor designed for general purpose amp- hae 
lifier applications. | go é 


absolute maximum ratings: (Ta = 25°C unless otherwise specified) 


e | ] 7 
SEATINGPLANE Y wh 


ee T 5. COLLECTO 
‘ 0-92 R 
Collector to Emitter Vero 15 Volts Tevaao [MILLIMETERS | INCHES here 
Collector to Base Vepo 20 Volts MIN. [ MAX. | MIN, [MAX,|NOTES 
Emitter to Base Vepo 3 Volts a pagn geo oT8I0 Se Lis 
407| 48 relors| 3 
Current $0 [4450[5200|.1 75].205 
Collector Ic 100 mA E [3.1 eo0/4i90,i25[165] | 
issipati #1 [ri $0f1355[ 0481058 
pee leil ° [_ [3430/4 32011 se, 170 
Total Power Tag S 25°C Py 350 mW L_ fl27ool —  [soof — 713 
Dentine Facior To 25° Ey. 8° Mr i feesot Teter 3 : 
‘otal Power Te S T : att Q [2920[ — [115 2 
Derating Factor To > 25°C Pp._—Sts«8« mW/°C Ls 2030|26701080|1081 | 
1. THREE LEADS 
Pemberatare : 2. CONTOUR OF PACKAGE UNCONTROLLED OUTSIDE 
ee Eis a toe 3. (THREE LEADS) b2 APPLIES BETWEEN Ly AND 
Storage Tstg -55 to +150 °C ¢b APPLIES SET WEEN Lo AND 12.70. MM S80" ) 
” ” 9 ROM = 
Lead (1/16° + 1/32" from TL +230 Cc CONTROLLED IN Ly AND BEYOND 12. 70MM (.500") 
case for 10 sec.) FROM SEATING PLANE. 
*electrical characteristics: (Ta = 25°C unless otherwise specified) 
Static Characteristics SYMBOL MIN. MAX. UNITS 
Collector-Emitter Breakdown Voltage 
(Ic = 1.0mA, Ip = 0) ViBR)CEO 15 — Volts 
Collector-Base Breakdown Voltage 
(Ic = 100 BA, Ip = 0) V(BR)CBO 20 = Volts 
Emitter-Base Breakdown Voltage 
(lg = 100 MA, Ic = 0) ViBR)EBO 3.0 - Volts 
Collector Cutoff Current 
(Vos = 10V, Ig = 0) Icpo = 100 nA 
Emitter Cutoff Current 
(Ver = 2.0V, Ic a 0) IgBo _ 500 nA 
DC Current Gain 
(Ic = 2.0mA, Vcr = 10V) hee 35 500 
Collector-Emitter Saturation Voltage 
(Ic = 10 mA, Ig = 1. OmA) VcxK(sat) _ 0.4 Volts 
Base-Emitter Saturation Voltage 
(Ic = 10mA, Ig = 1.0mA) VBE(sat) - 1.0 Volts 
Dynamic Characteristics 
Current-Gain Bandwidth Product 
(Ic = 10mA, Vex = 10V, f = 20 MHz) fr 150 — MHz 
Collector-Base Capacitance 
(Vcg = 10V, Ig = 0, f = 1.0 MHz) Cob = 4.0 pF 
Small Signal Current Gain 
(Ic = 2.0 mA, Vog = 10V, f = 1.0 kHz) hge 35 1500 


*Indicates JEDEC Registered Data. 
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Silicon 
Transistor 


The General Electric 2N5220 is a Silicon NPN Planar Epi- 
taxial Passivated Transistor designed for general purpose audio 


amplifier applications. 
absolute maximum ratings: (Ta = 25°C unless otherwise specified) 


cl 
: 7 . = ° a ws aie # 
fe L— 
Voltages SEATING PLANE |. EMITTER 


2. BASE 


Collector to Emitter Vero 15 Volts TO-92 3. COLLECTOR 
Collector to Base Vepo 15 Volts [SYMBOL AL LIME TERS aM NOTES 
Emitter to Base Veso 3 Volts A [4320/53 30|170|.210 
b | 407 55 0/016 O22] 13 
Current b2 | 407] 482{[o16/oi3s| 3 
[ $D_ [4456/6820 0|1 75/205 
Collector Ie 500 mA E (31804190125 i65] | 
Dissipation fe |2410/2670[.095|105| 
ey [1.1 50] 1.395|.045|055 
Total Power Ta < 25°C Py 350 mW J__[3.430/4.320/1 351.170 
; ° ° L_llz70of — [soo; — [13 
Derating Factor Ty, > 25 C Py 2.8 mW/'C “| — [terol - josol_3 
Total Power Tce < 25°C Pr 1.0 Watt L 2 S350) = 260 = 13 
Derating Factor Tc > 25°C Py 8.0 mW/°C s [2030/2670{080|105| ~| 
NOTES: 
‘Temperature ‘5 1. THREE LEADS 
Operating T; -55to+150 ~C 2.CONTOUR OF PACKAGE UNCONTROLLED OUTSIDE 
° THIS SIDE. 
Storage Tstg -SSto+150 ~C 3. (THREE LEADS) ¢b2 APPLIES ates ly ne be. ij 
" " ° $b APPLIES BETWEEN Lo AND 12.70 M ) 
Lead (1/16" + 1/32" from Ty +230 c FROM THE SEATING PLANE. DIAMETER IS UN- 
case for 10 sec.) CONTROLLED IN L, AND BEYOND 12.70 MM (.500") 


FROM SEATING PLANE. 


*electrical characteristics: (Ta = 25°C unless otherwise specified) 


Static Characteristics SYMBOL MIN. MAX. UNITS 
Collector-Emitter Breakdown Voltage 

(Ic =10 mA, Ip as 0) tV(BR)CEO 15 ae Volts | 
Collector-Base Breakdown Voltage 

(Ic = 100 WA, Ig = 0) ViBR)CBO 1S _ Volts 
Emitter-Base Breakdown Voltage 

(ig = 100 pA, Ic = 0) ViBR)EBO 3.0 _ Volts 
Collector Cutoff Current 

(Vcp = 10V, Ig = 0) Icpo ss 100 nA 
Emitter Cutoff Current 

(VgE = 3.0V, Ic = 0) lEBo a 100 nA 
DC Current Gain 

(Ic = 10 mA, Vcr = 10V) the 25 rae 

(Ic = 50mA, Veg = 10V) thre 30 600 
Collector-Emitter Saturation Voltage 

(Ic = 150 mA, Ip = 15 mA) TVcE(sat) — 0.5 Volts 
Base-Emitter Saturation Voltage ; 

(Ic = 150 mA, Ip a 15 mA) TVBE(sat) = 1.1 Volts 


Dynamic Characteristics 
Current-Gain Bandwidth Product 


dc = 20mA, Vor = 10V, f = 20 MHz) fy 100 _ MHz 
Collector-Base Capacitance 

(Vos = 5.0V, Ik = 0, f= 1.0 MHz) Cop _ 10 
Small Signal Current Gain 

dc = 50mA, Vcr = 10V, f = 1.0 kHz) hge 30 1800 
{Pulse Test: Pulse width = 300 ys, duty cycle = 2%. *Indicates JEDEC Registered Data. 
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Silicon 
Transistor 


The General Electric 2N5221 is a Silicon PNP Planar Epitaxial — f > 
Passivated Transistor designed for general purpose amplifier — i EE #2, 
applications. PNP Polarities are Negative: Observe Proper Bias. | ears Z | : 
absolute maximum ratings: (Ta = 25°C unless otherwise specified) a teal 
Voltages SEATING PLANE I. ck 
Collector to Emitter Vero 15 Volts To-92 _S.¢OLLECToR 
Collector to Base Vepo 15 Volts [symeou} MART s Lean tina Pores 
: A_ [4.320[5330[170].210 
Emitter to Base VeRO 3 Volts BL ao vl Se OlO eloe eos 
Current be | 407| 482/016/019 a 
D [4450/5 20 0[1 75].205 
Collector Ic 500 mA : +54 80| 41 Sort 25/165] 
ea 2.41 0[2.67 0[.095|/105 
Dissipation P eT 50] 1.395[045/055 
113.4304. 320/1 35/170] 
Total Power Ta S25 C Py 350 mW . i 2700] — [5001 — [13 
Derating Factor Ty > 25°C Pr 2.8 mW/'C uy | — |[r27ol — foso, 3] 
Total Power Tc < 25°C Py 1.0 Watt af $530 — +200) = 3 
Derating Factor Te > 25°C — Py 8.0 mw/° s_ [2030/2670] 080/105] | 
NOTES: 
Temperature 1. THREE LEADS 
Operating T; -55to +150 °C 2. cos s OF PACKAGE UNCONTROLLED OUTSIDE 
° 3.(THREE LEADS) ¢b2 APPLIES BETWEEN Ly AND L 
Storage Tyg -SSto +150 “C $b APPLIES See WEEN Lo AND 12.70'MM (.800") 
Lead (1/16" + 1/32” from TL +230 °C FROM THE SEATING PLANE. DIAMETER IS UN- 


case for 10 sec.) 


CONTROLLED IN L; AND BEYOND 12. 70MM (.500") 


FROM SEATING PLA 


NE. 


*electrical characteristics: (T, = 25°C unless otherwise specified) 


Static Characteristics 
Collector-Emitter Breakdown Voltage 
(Ic = 10 mA, Ip = 0) 
Collector-Base Breakdown Voltage 
(ic = 100 uA, Ip = 0) 
Emitter-Base Breakdown Voltage 
(lm = 100A, Ic = 0) 
Collector Cutoff Current 
(Vcp = 10V, Ig = 0) 
Emitter Cutoff Current 
(Vgr = 3.0V, Ic = 0) 
DC Current Gain 
(Ic = 10 mA, VcE = 10V) 
(Ic = 50mA, Vcr mR 10V) 
eer Emitter Saturation Voltage 


Base-Emitter Saiupstign Voltage 

(Ic = 150mA, Ig = 15 mA) 
Dynamic Characteristics 
Current-Gain Bandwidth Product 

(Ic = 20mA, Veg = 10V, f = 20 MHz) 
Collector-Base Capacitance 

(Vcp = 5.0V, Ig = 0, f = 1.0 MHz) 
Small Signal Current Gain 

(Ic = 50mA, Voz = 10V, f = 1.0 kHz) 


+Pulse Test: Pulse width = 300 us, duty cycle = 2%. 
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SYMBOL 
tVipr)cEO 
ViBR)CBO 
V(BR)EBO 
Icpo 


ERO 


thre 
thre 


tVoK(sat) 


TVBE(sat) 


fy 


MIN. MAX. 
15 _ 
15 - 
3.0 - 
_ 100 
_ 100 
25 - 
30 600 
- 0.5 
- 1.1 
100 - 
_ 15 
30 1800 


Volts 


Volts 


MHz 


pF 


*Indicates JEDEC Registered Data. 


Silicon 
Transistor 


The General Electric 2N5223 is a Silicon NPN Planar Epi- 
taxial Passivated Transistor designed for general purpose amp- 
lifier applications. 


| 4 
1 “| AN 
. . ° . so: s 
absolute maximum ratings: (T, = 25°C unless otherwise specified) , ae 
SEATING PLANE I. ae 
Voltages 


2. BASE 
Collector to Emitter Vero 20 Volts “ aa Sica 
| 
Collector to Base Vepo 25 Volts SyMeOu in MAX. | MIN. MAX. nores| 
i A_ /4320/5330[ 170/210 
Emitter to Base VEBO 3 Volts bo aol es ores elopet is 
Current b2 407! 482]0I16/oI9] 3 
$0 14450[520 0/1 75/205 
Collector Ic 100 mA E_ (3180/4190) 125/165 
Dissipation e 2.41 0[2.670|.095/ 105 
j €1 [1.1 50] 1.395/.045/055 J 
Total Power Ta < 25°C Pr 350 mW [3430/4201 381.170 
Derating Factor T, >25°C — Py 2.8 mW/°C [| = [ero] = oso 3 
Total Power Tc < 25°C Py 1.0 Watt $320; — £80) =| 3 
Derating Factor Tc > 25°C Pr 8.0 mWw/°C [sfeosolee7oLosol ios, —] 
NOTES: 
Temperature 1. THREE LEADS 
. fo} 
Operating Ty -55to +150 °C 2.CONTQUR OF PACKAGE UNCONTROLLED OUTSIDE 
2 + o 3.( THREE LEADS) #b2 APPLIES BETWEEN Ly AND Lo. 
Storage " ” ' stg 55 to +150 AS ¢b APPLIES BETWEEN Lo AND 12.70 MM (.500") 
Lead (1/16" + 1/32” from TL +230 C FROM THE SEATING PLANE. DIAMETER IS UN- 
for 10 CONTROLLED IN L, AND BEYOND [2.70 MM (.500 
case for 10 sec.) FROM SEATING PLANE. 


*electrical characteristics: (Ta = 25°C unless otherwise specified) 


Static Characteristics SYMBOL MIN. MAX. UNITS 
Collector-Emitter Breakdown Voltage 

(Ic = 1.0mA, Ip = 0) V(BR)CEO 20 - Volts 
Collector-Base Breakdown Voltage 

(Ic = 100 nA, Ip = 0) V(BR)CBO 25 - Volts 
Emitter-Base Breakdown Voltage 

dg = 100 MA, Ic = 0) V(BR)EBO 3.0 = Volts 
Collector Cutoff Current 

(Vcp = 10V, Ig = 0) IcBo _ 100 nA 
Emitter Cutoff Current 

(Vge = 3.0V, Ic = 0) lego ~ 500 nA 
DC Current Gain 

(Ic = 2.0 mA, Vcr = 10V) hype 50 800 
Collector-Emitter Saturation Voltage 

(Ic = 10mA, Ip = 1.0mA) VcE(sat) ~ 0.7 Volts 
Base-Emitter Saturation Voltage 

(Ic = 10mA, Ip = 1.0 mA) VBE(sat) = 1.2 Volts 


Dynamic Characteristics 
Current-Gain Bandwidth Product 


(Ic = 10mA, Vog = 10V, f = 20 MHz) fy 150 — MHz 
Collector-Base Capacitance 

(Vcp = 10V, Ig = 0, f = 1.0 MHz) Cop ~— 4.0 pF 
Small Signal Current Gain 

(Ic = 2.0 mA, VcE = 10V, f=1.0 kHz) hee 50 1600 


*Indicates JEDEC Registered Data. 
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Silicon 
Transistor 


The General Electric 2N5225 is a Silicon NPN Planar Epi- 


taxial Passivated Transistor designed for general purpose amp- Sa, it 
lifier applications. LL als as 
absolute maximum ratings: (Ta = 25°C unless otherwise specified) Lbs Sata _| 4 s 
Voltages SEATING PLANE 3, COLLECTOR . 
Collector to Emitter Vero 25 Volts TO-92 J.EMITTER 
Collector to Base Vero 25 Volts SYMBOL HLIME TeR S [INCHES —Iwores 
Emitter to Base Vepo 4 Volts A_ 14.3 rots 3O1.170].210 
db {| 407) 55 0]0! 6{O22] 13 
Current b2 | 407/ 482[016/019| 3 
Collector Ic 2002s mA Pet eorar serrpaties 
lnc BAe: wah [a Pisolrsostossiaser | 
otal Power < Cc 5 m “j. [3.430/4.320/135 
Derating FactorT, >25°C Pr 2.8 mW/°C Te oe 
Total Power Tc < 25°C Pr 1.0 Watt f2_{ 6350} — 2501 = 
Derating Factor Tc > 25°C Py 8.0 mw/°C [os 120301 2.6701.080|105 
Temperature N THREE LEADS 
Operating Ty -55to+150 °C 2.CONTOUR oF PACKAGE UNCONTROLLED OUTSIDE 
Storage Tstg “SSto +150 °C a etD APPLIES BETWEEN Lp AND 12.70. MM ( 500") 
Lead (1/16” + 1/32” from TL 260 °C FROM THE SEATING PLANE. DIAMETER IS UN- : 
case for 10 sec.) contac teo IN Ly AND BEYOND 12.70 MM (. 500") 
electrical characteristics: (Ta = 25°C unless otherwise specified) 
Static Characteristics SYMBOL MIN. MAX. UNITS 
Collector-Emitter Breakdown Voltage 
(Ic = 10 mA, Ip = 0) TtV(pR)CEO 25 = Volts 
Collector-Base Breakdown Voltage 
(Ic = 100 BA, Ig = 0) V(BR)CBO 25 = Volts 
Emitter-Base Breakdown Voltage 
(Ig = 100 pA, Io ae 0) V(BR)EBO 4.0 id Volts 
Collector Cutoff Current 
(Vcp = 15V, Ik = 0) IcRo _ 300 nA 
Emitter Cutoff Current 
(Ver = 4.0V, Ic = 0) IzBo _ 500 nA 
DC Current Gain 
(Ie = 10 mA, Vcr i 10V) Ther 25 = 
(ic = 50mA, Veg = 10V) thre 30 600 
Collector-Emitter Saturation Voltage 
(Ic = 100 mA, Ip = 10 mA) TVcE(sat) = 0.8 Volts 
Base-Emitter Saturation Voltage 
(Ic = 100mA, Ig = 10 mA) +VpE(sat) _ 1.0 Volts 
Dynamic Characteristics 
Current-Gain Bandwidth Product 
| (Ic = 20 mA, Vor = 10V, f = 20MHz) fy 50 2 MHz 
Collector-Base Capacitance 
(Voz = 5.0V, Ig = 0, f = 1.0 MHz) Cop - 20 pF 
Small Signal Current Gain 
(Ic = 50mA, Vcr = 10V, f = 1.0 kHz) hee 30 1800 
+Pulse Test: Pulse width = 300us, duty cycle = 2%. *Indicates JEDEC Registered Data. 
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Silicon 
Transistor 


The General Electric 2N5226 is a Silicon PNP Planar Epitaxial 


F—— 
Passivated Transistor designed for general purpose amplifier <5 2 
applications. PNP Polarities are Negative: Observe Proper Bias. 1 
. Ly poe 
absolute maximum ratings: (T, = 25°C unless otherwise specified) Q za - 
A lL —* 
SEATINGPLANE =| EMITTER 
Voltages 2. BASE 
Collector to Emitter Veto 25 Volts TO-92 3. COLLECTOR 
[MILLIMETERS [_ INCHES 
Collector to Base Vepo 25 Volts SYMBOL “Win. |_ MAX. MIN. TMAX NOTES 
Emitter to Base VEBO 4 Volts A [4320/53 30[170|.210 aa 
b | 407] 55 0/016l022| 13 
Current b2 | 407/ 482[016/019 ml 
D_ (4450/5200) 751205 
Collector Ic 500 mA [ = [3.180/41 90; 125{i65| 1 
Pere e | 241 0/2.67 0[.095| 105 
Dissipation 5 &; [ii 50] 1.395/.0451055 
Total Power Ta < 25 C Pr 350 mW i ELE 4.320 38 170 = | 
Derating Factor Ty > 25°C Pr 2.8 MW/°C uy | — [rerol — lose, 3 
Total Power Te > 25°C Py 1.0 Watt iz tessa =" {zsot — fs) 
Derating Factor Tc > 25°C Py 8.0 mw/°C ["s[2030/2670L0s0llos 
NOTES: 
Temperature 1. THREE LEADS 
Operating Ty; -55to+150 °C 2.CONTOUR OF PACKAGE UNCONTROLLED OUTSIDE 
HI . 
Storage Tstg -S5to+150 °C 3.(THREE LEADS) $b2 APPLIES BETWEEN U1 ae Le. 
¢b APPLIES BETWEEN Lo AND 12.70 MM (.500" 
Lead (1/16" + 1/32” from T, +230 ne FROM THE SEATING PLANE. DIAMETER IS UN- 


CONTROLLED INL, AND BEYOND 12. 70MM (.500") 
case for 10 sec.) FROM SEATING P'LANE. 


*electrical characteristics: (Ta, = 25°C unless otherwise specified) 


Static Characteristics SYMBOL MIN. MAX. UNITS 
Collector-Emitter Breakdown Voltage 

(Ic = 10 mA, Ip = 0) tVipryceo 25 ad Volts 
Collector-Base Breakdown Voltage 

(Ic = 100 WA, Ig = 0) ViBR)CBO 25 — Volts 
Emitter-Base Breakdown Voltage 

(Ig =:100 uA, Ic = 0) VBR)EBO 4.0 - Volts 
Collector Cutoff Current 

(Veg = 15V, Ip = 0) Icpo _ 300 nA 
Emitter Cutoff Current 

(Vg = 4.0V, Ic = 0) i eet = 500 nA 
DC Current Gain 

(Ic = 10 mA, Vcr = 10V) Ther 25 = 

(Ic = 50 mA, Vcr = 10V) fhpp 30 600 
Collector-Emitter Saturation Voltage 

(Ic = 100 mA, Ip = 10 mA) TVcE(sat) _ 0.8 Volts 
Base-Emitter Saturation Voltage 

(Ic = 100 mA, Ip = 10mA) TVBE(sat) — 1.0 Volts 


Dynamic Characteristics 
Current-Gain Bandwidth Product 


(Ic = 20mA, Vog = 10V, f = 20 MHz) fr 50 _ MHz 
Collector-Base Capacitance 

(Vcp = S.OV, Iz = 0, f = 1.0 MHz) Cor _ 20 pF 
Small Signal Current Gain 

(ic = 50mA, Veg = 10V, f = 1.0 kHz) hee 30 1800 
{Pulse Test: Pulse width = 300 us, duty cycle = 2%. *Indicates JEDEC Registered Data. 
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The General Electric 2N5227 is a Silicon PNP Planar Epitaxial 
Passivated Transistor designed for general purpose amplifier 


Silicon 


Transistor 


applications. PNP Polarities are Negative: Observe Proper Bias. 


absolute maximum ratings: (T, = 25°C unless otherwise specified) 


Voltages 
Collector to Emitter Vcro 
Collector to Base Vcso 
Emitter to Base Vepo 
Current 
Collector Ic 
Dissipation 
Total Power Ty < 25°C Pr 
Derating Factor Ta > 25°C Py 
Total Power Tce < 25°C Pr 
Derating Factor Tg > 25° Pr 
Temperature 
Operating Ty 
Storage 


Lead (1/16” + 1/32” from TL 
case for 10 sec.) 


30 Volts 
30 Volts 

3 Volts 
50 mA 
350 mW 
2.8 mw/°C 
1.0 Watt 
8.0 mw/°C 


-55to +150 °C 
Tstg -55 to +150 °C 
+230 °C 


*electrical characteristics: (Ta = 25°C unless otherwise specified) 


Static Characteristics 
Collector-Emitter Breakdown Voltage 

(ic = 1.0mA, Ip = 0) 
Collector-Base Breakdown Voltage 

(Ic = 100 uA, Ip = 0) 
Emitter-Base Breakdown Voltage 

(Iz = 100 uA, Ic = 0) 
Collector Cutoff Current 

(Veg = 10V, Ip = 0) 
Emitter Cutoff Current 

(Ver = 2.0V, Ic = 0) 
DC Current Gain 

(Ic = 100 vA, VcE a 10V) 

(Ic = 2.0mA, Vor ca 10V) 
Collector-Emitter Saturation Voltage 

(Ic = 10mA, Ig = 1.0 mA) 
Base-Emitter Saturation Voltage 

(Ic = 10mA, Ig = 1.0 mA) 
Dynamic Characteristics 
Current-Gain Bandwidth Product 

(Ic = 10mA, Veg = 10V, f = 20 MHz) 
Collector-Base Capacitance 

(Vcp = 10V, Ip = 0, f = 1.0 MHz) 
Small Signal Current Gain 

(Ic = 2.0mA, Vor = 10V, f = 1.0 kHz) 


*Indicates JEDEC Registered Data. 
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SYMBOL 
V(BR)CEO 
V(BR)CBO 
V(BR)EBO 
Icpo 
IEBO 


hre 
hyr 


VcKE(sat) 


VBE(sat) 


I 
{ 
Ly goo 
Q Ges 
A L—— E 
SEATING PLANE tL. EMITTER 
2. BASE 
TO-92 3. COLLECTOR 
SYMBOL MILLIMETERS | INCHES re 


MIN. | MAX. | MIN. [MAX. 
A [4320/5.330/170|.210 
b | 4o7{ 55 0[orTé6loz2al 1,3 
b2 407{ 482/0/6/0I19!] 3 
Fr) teo 5.20 0[.1 75/205 


3180/4190). 125,165 


e |2410|2670|.095/105| | 
f_*1_ [11 50/1.395[045/055| | 

i. 13.430/4.320[1 35/170 

Lt l2700; — [soo] — [1,3 
ro {= _[ieroy — fosol 3 | 

te [6350| — |[250/ —| 3 

Qo (2920, — [115| —T[ 2 
[8 [2030/2670] 080/105 
NOTES: 


1. THREE LEADS 

2.CONTOUR OF PACKAGE UNCONTROLLED OUTSIDE 
THIS SIDE. 

3. (THREE LEADS) ¢b2 APPLIES BETWEEN Ly AND Lo. 
¢b APPLIES BETWEEN La AND 12.70 MM (.500") 
FROM THE SEATING PLANE. DIAMETER IS UN- 
CONTROLLED IN Ly AND BEYOND |2.70MM(.500") 
FROM SEATING PLANE. 


MIN MAX UNITS 
30 a Volts 
30 =- Volts 
3.0 - Volts 

— 100 nA 
_ 500 nA 
30 = 
50 700 
- 0.4 Volts 
- 1.0 Volts 
100 _ MHz 
_ 5.0 pF 
50 1500 


Silicon 
Transistors 


The General Electric 2N5232 and 2N5232A are NPN silicon, planar, epitaxial, 
passivated transistors designed especially for low noise preamplifier and small 
signal industrial amplifier applications. The units feature low collector satura- 
tion voltage, tight beta control and excellent low noise characteristics. The 
2N5232A includes a noise figure specification. 


absolute maximum ratings: (25°C) (unless otherwise specified) rie 
Voitages ae 
Collector to Emitter Vexo 50 V re Dat ramets te contaleg in the = — 
Emitter to Base Vso 5 Vv ing plane aatiean 0 and end of lead 8 085 265 
Collector to Base Veeao 70 V mas of 2 he —L “ts 
Current 
Collector (Steady State) * Te 100 mA ALL DIMEN. IN INCHES AND ARE MIN PLANES 
Dissipation te cma TOLERANCED orn 
Total Power (Free Air at 25°C) + Py 360 mW 44 *-[ 100% .008 
3 LEaos 090 
Temperature 7 Sor cara Sa 
Storage T. —55 to +150°C ITE 15 
Operating Tv, 4125°C — 
Lead Soldering, 45” + 142” from case 
for 10 seconds maximum T. +260°C 


*Determined from power limitations due to saturation voltages at this current. 
{Derate 3.6 mW/°C increase in ambient temperature above 25°C. 


LS SS A SS AS SS TS A SA SS AS NS EE SS SS SO AGL NAGA SAG SNES SGN MUN SEQUEL MENG inn) LODO) SEMEN SONNOTND nym: uit) SENS, WSU MEENA 


electrical characteristics: (25°C) (unless otherwise specified) 


Static Characteristics Min. Typ. Max. 
Collector Cutoff Current (Ves = 50V) Topo 30 na 

(Ven = 50V, Ts = 100°C) Tono 10 wA 
Collector Cutoff Current (Voce = 50V) Tous 30 nA 
Emitter Cutoff Current (Vis = 5V) Teno 50 nA 
Forward Current Transfer Ratio (Voz = 5V, Ic — 2 mA) hre 250 500 

(Vor = 5V, Ic = 100 pA) hee 170£ 

Collector Emitter Breakdown Voltage (I; — 10 mA) Veasncrofl 50 Volts 
Collector Base Breakdown Voltage (Ic == 10 pA) Veaweso 70 Volts 
Emitter Base Breakdown Voltage (Ir — 10 nA) Vsrzpo 5 Volts 
Collector Saturation Voltage (Ic = 10 mA, In = 1 mA) Venta] 125 Volts 
Base Saturation Voltage (Ic = 10 mA, In =1 mA) Verwaol -78 Volts 
Base Emitter Voltage (Vox = 10V, Ic = 2 mA) Van 0.5 0.9 Volts 


Dynamic Characteristics 


Forward Current Transfer Ratio (Vou = 5V, Ic = 2 mA,f=1kHz) hee 250 750 
Output Capacitance, Common Base (Ves = 10V, In = 0,f=1MHz) Cu 4.0 pF 
Noise Figure (Ic = 100 nA, Von = 5V, R, = 5 ko, f= 1kHz, 

BW = 15.7 kHz) (2N5232A only) NF 1.9 5 dB 


{Typically, a minimum of 95% of the distribution is above this value. 
{Pulse conditions: 300 usec. duration, 2% duty cycle. 
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Cobo OUTPUT CAPACITANCE - pF 


Input and Output Capacitance vs. Bias Voltage 
Veg VOLTAGE EMITTER TO BASE-V 
4 3 


tor 2 aie % 

9 2 

8 4 

7 6 

6 

5 10 
4 12 
3 14 
2 16 
! is 
% 2 


5 10 15 20 
Vog - VOLTAGE COLLECTOR TO BASE-V 


lopo vs- Ambient Temperature 


—na 
8 


fo 


TCBO-COLLECTOR CUTOFF CURRENT 


20 9 20 40 60 80 100 «120 
Ta- AMBIENT TEMPERATURE~°C 
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Silicon 
Transistors 


The General Electric 2N5249 and 2N5249A are NPN silicon, planar, epitaxial, 
passivated transistors designed especially for low noise preamplifier and small 
signal industrial amplifier applications. The units feature low collector satura- 
tion voltage, tight beta control and excellent low noise characteristics. The 
2N5249A includes a noise figure specification. 


absolute maximum ratings: (25°C) (unless otherwise specified) 


Voltages 

Collector to Emitter Vero 50 V 

Emitter to Base Vero 5 V 

Collector to Base Veo 70 V 
Current 

Collector (Steady State) * Ic 100 mA 
Dissipation 

Total Power (Free Air at 25°C) + Pr 860 mW 

Total Power (Free Air at 55°C) + Pr 260 mW 
Temperature 

Storage Tate —55 to +150°C 

Operating T; +125°C 

Lead Soldering, 46” + 4.” from case 

for 10 seconds maximum Ty +260°C 


*Determined from power limitations due to saturation voltages at this current. 
tDerate 3.3 mW/°C increase in ambient temperature above 25°C. 


electrical characteristics: (25°C) (unless otherwise specified) 


Static Characteristics Min. 
Collector Cutoff Current (Vcx = 50V) Tczo 
(Ves = 50V, Ts = 100°C) Icpo 
Collector Cutoff Current (Vcs = 50V) Icus 
Emitter Cutoff Current (Vez — 5V) Tepo 
Forward Current Transfer Ratio (Vcx = 5V, Ic = 2 mA) hrs 400 
(Vex => 5V, Ic = 100 pA) hrr 
Collector Emitter Breakdown Voltage (Ic = 10 mA) Vewceoll 50 
Collector Base Breakdown Voltage (Ic = 10 uA) Visco 70 
Emitter Base Breakdown Voltage (In = 10 »A) Visreso 5 
Collector Saturation Voltage (Ic = 10 mA, In = 1 mA) Voercanl 
Base Saturation Voltage (Ic = 10 mA, Is = 1 mA) Vagal 
Base Emitter Voltage (Vcz = 10V, Ic = 2 mA) Vag 0.5 


Dynamic Characteristics 


Forward Current Transfer Ratio (Vce = 5V,Ico = 2mA,f=1kHz) hr. 400 
Output Capacitance, Common Base (Ves = 10V, Is = 0,f = 1 MHz) Cer 
Noise Figure (Ic = 100 uA, Vez = 5V, R, = 5 koa, f=1kHz, 

BW = 15.7kHz) (2N5249A only) NF 


tTypically, a minimum of 95% of the distribution is above this value. 
{Pulse conditions: 300 usec. duration, 2% duty cycle. 
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Typ. Max. 
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Silicon 
Transistors 


The General Electric 2N5305, 2N5306 and 2N5306A are NPN, silicon, planar, epitaxial, passivated Dar- 
lington monolithic amplifiers. These devices are especially suited for preamplifier input stages requiring in- 
put impedances of several megohms or extremely low level, high gain, low noise amplifier applications. 
Additional applications include medium speed switching circuits in consumer and industrial control appli- 
cations. 


MOTEL LEAD DIAMETER 18 CONTROLLED IN THE 
ZONE BETWEEN .070 AND .250 PROM THE SEATING 
PLANE. GETWEEW 250 AND END OF LEAD A MAX. 
OF OF! 8 HELD 


absolute maximum ratings: (25°C) (unless otherwise specified) 


Voltages 
Collector to Base Veno 25 Volts 
Collector to Emitter Vero 25 Volts 
Emitter to Base Vivo 12 Volts 
Current 
Collector (Steady State) Ic 300 mA 
Collector (Pulsed) * Ic 500 mA 
Base (Steady State) In 50 mA 
Dissipation 
Total Power (T, < 25° C)+ Py 400 mW 
Total Power with Heatsink (T, = 25° C)t+ Pr 600 mW 
Total Power with Heatsink (Tc < 25° C)ttt Pr 900 mW 
Temperature 
Storage Tate —65 to +150° C 
Operating T; —65 to +125° C 
Lead, 46” + 142” from case for 10 sec. max. Ti +260° C : Nene init te 
*Pulse conditions: 300 usec. pulse width, 2% duty cycle. Equiv. Circuit serces 200 weno or teas agus or ens 
tDerate 4.0 mW/* C for increase in ambient temperature above 25° C. fetes nner ws sen nes wer saw | 
ttDerate 6.0 mW/° C for increase in ambient temperature above 25° C. perenne! taney 


tttDerate 9.0 mW/° C for increase in case temperature above 25° C. 


SS SS SS RS A we SMe SS SON ND SE ce snes sn cers enter wees eet ets wees eames 


STATIC CHARACTERISTICS Min. Max. 
Collector to Base Breakdown Voltage (Ic = 0.1 #A, Ie = 0) Vismecro 25 Volts 
Collector to Emitter Breakdown Voltage (I. = 10mA, In = 0) Viawero 25 Volts 
Emitter to Base Breakdown Voltage (I: = 0.12A, Ii: = 0) Viaweno 12 Volts 
Forward Current Transfer Ratio 

(Vee = 5V, Ic = 2mA) 2N5305 hrs 2000 20000 

(Vex = 5V, Ic = 100mA) 2N5305 hre 6000 

(Vex = 5V, Ie = 2mA) 2N5306, A hee 7000 70000 | 

(Vex = 5V, Ic = 100mA) 2N5306, A hey 20000 
Collector Cutoff Current 

(Ven = 25V, In = 0) Icno 100 nA 

(Ven = 25V, I: = 0, Ts = 100° C) Ieso 20 pA 
Emitter Cutoff Current (Vin = 12V, I. = 0) Inno 100 nA 
Collector Emitter Saturation Voltage 

(Ie —) 200mA, Ik= 0.2mA) Versaty 14 Volts 
Base Emitter Saturation Voltage 

(Ic = 200mA, In = 0.2mA) Varisaty 1.6 Volts 
Base Emitter Voltage (Vir = 5V, Ic — 200mA) Van 1.5 Volts 
DYNAMIC CHARACTERISTICS 
Forward Current Transfer Ratio Min. Typ. Max. 

(Vex = 5V,L. = 2mA,f = 1kH2) 2N5305 hre 2000 

(Ven = 5V, Te = 2mA, f = 1kHz) 2N5306, A hn 7000 

(Vex = 5V, le = 2mA, f == 10 MHz) hee 15.6 dB 
Gain Bandwidth Product (Vii: = 5V, I. = 2mA, f = 10 MHz) fr 60 MHz 
input Impedance (Vi: = 5V, I. =2mA, f = 1kHz) hie 650 kohms 
Collector Base Capacitance (V,.,, — 10V,f = 1 MHz) Cw 1.6 10 pF 
Emitter Capocitohce (Vin = 0.5V,f = 1 MHz) Con 10.5 pF 
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2N5305, 6, 6A 


2N5306A only 


; Min. Typ. Max. Units 
Noise Voltage (Ic = 0.6 mA, Vee = 5V, Re = 160k2 
f — 10 Hz to 10kHz, B.W. = 15.7 kHz) er 195 230 nvV/V Hz 
NOTE: As measured on a Quan-Tech Model 2283/2181M test set with 10 Hz filter modified by Quan-Tech to a wideband (f = 10 Hz to 10 kHz, B.W. = 15.7 kHz) 
filter. ; 
Typical Curves 
Normalized hrs vs. Ic 
35 
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2N5305, 6, GA 
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Ig- COLLECTOR CURRENT-mA 
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| 2N5305, 6, 6A 
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Silicon 


Transistors 


The General Electric 2N5307, 2N5308 and 2N5308A are NPN, silicon, planar, epitaxial, passivated Dar- 
lington monolithic amplifiers. These devices are especially suited for preamplifier input stages requiring 
input impedances of several megohms or extremely low level, high gain, low noise amplifier applications. 
Additional applications include medium speed switching circuits in consumer and industrial control appli- 


cations. 


absolute maximum ratings: (25°C) (unless otherwise specified) 


Voltages 
Collector to Base Veno 40 Volts 
Collector to Emitter Voxo 40 Volts 
Emitter to Base Vepo 12 Volts 
Current 
Collector (Steady State) Ic 300 mA 
Collector (Pulsed) * Tc 500 mA 
Base (Steady State) Is 50 mA 
Dissipation 
Total Power (Ts = 25° C)+ Py 400 mW JE= eee 
Total Power with Heatsink (Ts = 26° C)t} Pr 600 mW Latkes © A 
Total Power with Heatsink (Tc S 25° C)¢tt Pr 900 mW : Tenia lee 
Temperature at + 
Storage Tate —65to +150°C i 
Operating T; —65 to +125° C a 
Lead, 46” + %e” from case for 10 sec. max. Ti +260° C ¢ 


*Pulse conditions: 300 usec. pulse width, 2% duty cycle. 


+Derate 4.0 mW/° C for increase in ambient temperature above 25° C. 
+tDerate 6.0 mW/° C for increase in ambient temperature above 25° C, 


tttDerate 9.0 mW/° C for increase in case temperature above 25° C. 


STATIC CHARACTERISTICS 
Collector to Base Breakdown Voltage (Ic = 0.14A, Ic = 0) 
Collector to Emitter Breakdown Voltage (Ic = 10mA, Is = 0) 
Emitter to Base Breakdown Voltage (I; = 0.1uA, In = 0) 
Forward Current Transfer Ratio 
(Vex = 5V, Ile = 2mA) 
(Vex = 5V, Ico = 100mA) 
(Vee = 5V, le = 2mA) 
(Vee = 5V, Io = 100mA) 
Collector Cutoff Current 
(Ves = 40V, Ix = 0) 
(Vcs = 40V, Ice = 0, Ts = 100° C) 
Emitter Cutoff Current (Vis = 12V, Ic = 0) 
Collector Emitter Saturation Voltage 
(Ic = 200mA, Is = 0.2mA) 
Base Emitter Saturation Voltage 
(Ie = 200mA, Is = 0.2mA) 
Base Emitter Voltage (Vex = 5V, Ic = 200mA) 


DYNAMIC CHARACTERISTICS 
Forward Current Transfer Ratio 
(Vee = 5V, Ic = 2mA, f = 1kHz) 
(Vee = 5V, Ic = 2mA, t= 1kHz) 
(Vce = 5V, Ic = 2mA, f = 1kHz) 
Gain Bandwidth Product (Vce = 5V, Ic = 2mA, f = 10 MHz) 
input Impedance (Vex = 5V, Ic =2mA, f = 1 kHz) 
Collector Base Capacitance (Vcs — 10V, f = 1 MHz) 
Emitter Capacitance (Vis — 0.5V, f = 1 MHz) 


2N5307 
2N5307 
2N5308, A 
2N5308, A 


2N5307 
2N5308, A 
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2N5307,8,8A 


7 
ROTE 1: LEAD DIAMETER 13 CONTROLLED I THE 
ZONE BETWEEN 070 AND 250 FROM THE SEATING 
PLANE BETWEEN 280.AND END OF LEAD A MAX a 
OF O21 1S HELO a ae a sane 5 
OTE LEAD DIAMETER 1S CONTROLLEO 1 THE ZONE 
BETWEEN O70 AND 260 FROM THE SEATING PLANE 
E RETWEEW.260 AND END OF LEAD AMAN. OF 020 
18 E00 

MOTE 2: HOLE FOR Wa SCREW-WILI, ACCEPT 119 MN 
ORDER HEATSINK VERSIONS AS: #5 8807 

HESEOR 


Min. Max 
Volts 
Vipr)cBo i Volts 
(BR)CEO 
(BR)EBO 12 Volts 
hee 2000 20000 
hee 6000 
hee 7000 70000 
lige 20000 
bas 100 nA 
Icgo te a 
lego 100 nA 
Voe(sat) 1.4 Volts 
Vaeisan 1.6 Volts 
Vee 1.5 Volts 
Min. Typ. Max. 
hye 2000 
hye 7000 
| hye| 15.6 dB 
i 60 MHz 
hie 650 kohms 
Cop 1.6 10 pF ) 
Cop 10.5 pF 


2N5307, 8, 8A 


2N5308A only Min. Typ. Max. Units 
Noise Voltage (Ic = 0.6 mA, Vee = 5V, Re = 160k2 

f = 10Hz to 10kHz, B.W. = 15.7 kHz) es 195 230 nV/VHz 
NOTE: pees on a Quan-Tech Model 2283/2181M test set with 10 Hz filter modified by Quan-Tech to a wideband (f = 10 Hz to 10 kHz, B.W. = 15.7 kHz) 


Typical Curves 
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2N5307, 8, 8A 


logo VS- Ts hye VS. Ts 
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T¢-COLLECTOR CURRENT-mA 


2N5307, 8, 8A 
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Silicon 
Transistors 


The General Electric 2N5309 and 2N5310 are NPN, silicon, planar, epitaxial, passivated 
transistors. These devices feature very high gain at extremely low collector currents, low 
leakage currents and inherent low noise characteristics. These transistors are ideally 
suited for low level amplifier applications and, with leads formed to a TO-18 pin config- 
uration, are intended to be epoxy replacements for the 2N929 and 2N930 type devices. 


absolute maximum ratings: (25°C) (uniess otherwise specified) 


Voltages t iss 4 
Collector to Emitter Vceo 50 Volts 190 4 
Einitter to: Bare Veo ° welts mar ue Santa a 
Collector to Base Vero 70 Volts me lone atmo Aa and end of lead a ane 388 

Current .500 SEATING 

* ALL DIMEN. IN INCHES AND ARE q f) fl. MIN PLANE 
Collector (Steady State) Ic 100 mA REFERENCE UNLESS TOLERANCED /| | I'L [0802 00s 

Dissipation ae a ~ pease 
Total Power (Free Air @ 25°C) + Pr 360 mW 9 et G:) = 
Total Power (Free Air @ 55°C) + Pr 250 mW fP. 

Temperature 
Storage Tstg —55 to +150°C 
Operating T; +125°C 
Lead Soldering, 1/16” + 1/32” from 

case for 10 sec. max. Ti +260°C 

*Determined from power limitations due to saturation voltage at this current. 

+Derate 3.6 mW/°C increase in ambient temperature above 25°C. | 

electrical characteristics: (25°C) cuniess otherwise specified) | 

Static Characteristics Min. Max. 

Collector Cutoff Current (Vos = 50V) Icso 10 nA 
(Ves — 50V, TA = 100°C) Tcso 10 pA 
(Vern = 50V) Icus 10 nA 
Emitter Cutoff Current (Ves == 5V) Izzo 50 nA 

Forward Current Transfer Ratio (Vcr = 5V, Ic = 10 nA) 2N5309 hre 60 120 

2N5310 Ire 100 300 

Collector Emitter Breakdown Voltage (Ic = 10 mA)t¢ Vise) cro 50 Volts 

Collector Base Breakdown Voltage (Ic — 10 nA) Vise ceo 70 Volts 

Emitter Base Breakdown Voltage (Is — 10 uA) Visx Epo 5 Volts 

Collector Saturation Voltage (Ic = 10 mA, In = 1 mA)t Ver caaty 125 Volts 

Base Saturation Voltage (Ic = 10 mA, In = 1 mA) t Vax cat) 78 Volts 

Base Emitter Voltage (Vex = 10V, Ic = 2mA) Var 5 9 Volts 


Dynamic Characteristics 


Forward Current Transfer Ratio (Vex = 10V, Ic = 10 uA, f =1 kHz) 2N5309 hte 66 
2N5310 here 110 


Output Capacitance, Common Base 
(Vcs = 10V, In = 0, f = 1 MHz) Ceo 1.0 4.0 pF 


Pulse conditions 300 usec. 2% duty cycle. 
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Normalized hre vs. Ic 
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Typical Collector Characteristics 
2N5309 
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Silicon 
Transistors 


This series of economy transistors are PNP, silicon, planar, epitaxial, passivated devices. 
These units feature low collector saturation voltage, good current gain linearity over a wide 
collector current range, high gain-bandwidth product, and low noise. These characteristics 


make these units excellent for use in general purpose consumer and industrial amplifier 
and switching applications. 


absolute maximum rati ngs: (25°C) (unless otherwise specified) 
Voltages 


Collector to Emitter 


Vceo -25 Volts 
Emitter to Base Veso - 4 Volts - 208 4 
Collector to Base Veso -25 Volts p20 4j 
Current See | [2 
Collector (Continuous) Io 350 mA =e aan 
Collector (Pulsed, 10 usec pulse width, Pinion Botsainouae | 390 seatine 
= 2% Duty Cycle) Ie 700 Ak PEFCRENGE, ESS TOLERANGED letra 
Dissipation 3 cea0s a fos 
Total Power (Free Air at 25°C)* Py 360 mW ae @rs 
Total Power (Free Air at 55°C)* Py 260 mW To 
Temperature 
Storage T stg -65 to +150 °C 
Operating T; #125. -2C 
Lead temperature, 1/16” + 1/32” from case for 
ten seconds maximum Ty, +260 °C 


* Derate 3.6 mwW/°C increase in ambient temperature above 25°C. 


electrical characteristics: (25°C) (uniess otherwise specified) 
Static Characteristics 


Min. Typ. Max. 
Collector Cutoff Current 
(Veg =25V) Tego -100 nA 
(Vep= -25V, T,=100°C) lego - 10 HA 
(Vcp=-25V) Ices -100 nA 
Emitter Cutoff Current (V-,=4V) leBo - 10 vA 
Forward Current Transfer Ratio 
(Vce=-10V, I¢=-2 mA) 2N5354 hee 32 
(Voce =1V, I¢=-50 mA) 2N5354 hee 40 120 
(Vce =~5V, I= -300 mA) 2N5354 hee 20 
(Voce =10V, Ip=-2 mA) 2N5355 hee 80 
(Vce=1V, [-=-50 mA) 2N5355 hee 100 300 
(Voce =-5V, I¢=-300 mA) 2N5355 hee 40 
(Vce=10V, I.=-2 mA) 2N5356 hee 200 
(Vce=1V, 1¢=-50 mA) 2N5356 hee 250 500 
(Vce =-S5V, Ic¢= -300 mA) 2N5356 Nee 75 
Collector Emitter Breakdown Voltage 
(1¢=-10 mA) Vise ceo ~ 25 Volts 
Collector Saturation Voltage 
(I¢=-50 mA, [,=2.5 mA) VcE(sat) -.250 Volts 
(I¢=-300 mA, Ig=-30 mA) Vceisat) -1.0 Volts 
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Min. Typ. Max. 
Base Saturation Voltage 
(Ic=-50 mA, Ig=-2.5 mA) Vices S14 Volts 
(Ic¢=-300 mA, I,=30 mA) Vee(sat) -2.0 Volts 
Base Emitter Voltage 
(V ce=-10V, Ic¢=2 mA) Vex -0.5 -0.8 Volts 
Dynamic Characteristics 
Forward Current Transfer Ratio 
(Vce=10V, Ip=2 mA, f=1 kHz) 2N5354 hee 32 180 
(Vce=10V, Io=2 mA, f=1 kHz) 2N5355 hye 80 450 
(Vce-10V, Io=-2 mA, f=1 kHz) 2N5356 hge 200 750 
Output Capacitance, Common Base 
(Vcg =10V, I-=0, f=1 MHz) Cob 8 pF 
Input Capacitance, Common Base 
(Veg=-0.5V, I,=0, f=1 MHz) Cob 35 pF 
Gain Bandwidth Product 
(Vce=-10V, I,=-2 mA) fy 250 MHz 


TYPICAL CONTOURS OF GAIN BANDWIDTH PRODUCT 
(f¢) VS. COLLECTOR CURRENT 
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TYPICAL SMALL SIGNAL CHARACTERISTICS 


vs. 
EMITTER CURRENT 
2N5354, 5355, 5356 
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TYPICAL 
BASE SATURATION VOLTAGE 
VS. 
COLLECTOR CURRENT 
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TYPICAL TRANSFER CHARACTERISTICS 
2N5354 


TYPICAL FORWARD CURRENT TRANSFER 
RATIO VS. COLLECTOR CURRENT 
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TYPICAL COLLECTOR SATURATION VOLTAGE 
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Silicon 
Transistors 


2N5365,6, / 


[ 2N5368-83 SEE GES5368-83 | 


This series of economy transistors are PNP, silicon, planar, epitaxial, passivated devices. 


These units feature low collector saturation voltage, good current gain linearity over a wide 
collector current range, high gain-bandwidth product, and low noise. These characteristics 
make these units excellent for use in general purpose consumer and industrial amplifier 
and switching applications. 

absolute maximum ratings: (25°C) (unless otherwise specified) 
Voltages 


Collector to Emitter Vero —40 Volts 
Emitter to Base Veno —4 Volts 
Collector to Base Veso —40 Volts 205 
DIMENSIONS WITHIN 195 
Current VEDEC OUTLINE TO-98 bi -| 
es 
Collector (Continuous) Ie 300 mA fe 8 ro Aa 
Collector (Pulsed, 10 usec pulse width, eet ln ee LL ees 
= 2% Duty Cycle) Ie 700 mA ec 
Peer « ALL DIMEN. IN INCHES ANO ARE 0 oo Man PLANE 
Dissipation REFERENCE WRESS TERA [I '}b[ 5808 008 
Total Power (Free Air at 25°C) * Py 360 mW oe bre feel ead 
Total Power (Free Air at 55°C) * Py 260 mW soar *208 @Ez 
(wore 1) 14 
Temperature AP 
Storage Tate —65 to +150 °C 
Operating T; +125 °C 
Lead temperature, 1/16” + 1/32” from 
case for ten seconds maximum Ti +260 °C 
* Derate 3.6 mW/°C increase in ambient temperature above 25°C. 
electrical characteristics: (25°C) (uniess otherwise specified) 
Static Characteristics Min. Max. 
Collector Cutoff Current 
(Vos = —40V) Tezo —100 nA 
(Vcs = —40V, T, = 100°C) Icpo —10 pA 
(Vos = —40V) Icrs —100 nA 
Emitter Cutoff Current (Vis = —4V) Irno —10 bA 
Forward Current Transfer Ratio 
(Vee = —10V, Ic = —2 mA) 2N5365 hre 32 
(Vee = —1V, Ic = —50 mA) 2N5365 hrs 40 120 
(Vce = —5V, Ic = — 300 mA) 2N5365 hre 20 
(Voce = —10V, Ic = —2 mA) 2N5366 hrr 80 
(Vcr = —1V, Ic = —50 mA) 2N5366 hrs 100 300 
(Voce = —5V,Ic = — 300 mA) 2N5366 hrs 40 
(Vee = --1V, Ic = —50 mA) 2N5367 hre 250 500 
(Vee = —5V, Ic = — 800 mA) 2N5367 hre 75 
Collector Emitter Breakdown Voltage 
(Ic = —10 mA) Vise cro —40 Volts 
Collector Saturation Voltage 
(Ic = —50 mA, Is = —2.5 mA) Ver an ~—.250 Volts 
(Ic = —300 mA, In = —380 mA) Vera —1.0 Volts 
Base Saturation Voltage 
(Ic = —50 mA, Ip = —2.5 mA) Vae (eat) —11 Volts 
(Ic = —300 mA, Is = —30 mA) Vax wa) —2.0 Volts 
Base Emitter Voltage 
(Vex = —10V, Ic = —2 mA) Vex —0.5 —0.8 Volts 
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2N5365, 6, 7 


Dynamic Characteristics Min. Typ. Max. 
Forward Current Transfer Ratio 

(Voce = —10V, Ic = —2 mA, f = 1 kHz) 2N5365 Nite 32 180 

(Vex = —10V, Ic = —2 mA, f = 1 kHz) 2N5366 Nite 80 450 

(Vow = —10V, Ic = —2 mA, f = 1 kHz) 2N5367 hire 200 750 
Output Capacitance, Common Base 

(Ves = —10V, In = 0, f = 1 MHz) Cor 8 pF 
Input Capacitance, Common Base 

(Ves = —0.5V, Ic = 0, f = 1 MHz) Cor 35 pF 
Gain Bandwidth Product 

(Voz = —10V, Ic = —2 mA) fr 250 MHz 


TYPICAL CONTOURS OF GAIN BANDWIDTH PRODUCT, 
(f;) VS. COLLECTOR CURRENT 
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2N5365, 6, 7 


TYPICAL TRANSFER CHARACTERISTICS TYPICAL FORWARD CURRENT TRANSFER 
RATIO VS. COLLECTOR CURRENT 


2N5365 


2N5365 


140, T nl ] T a] 


j LHFE VS Io Voge #5 VOLTS | i 


Veg ~BASE EMITTER VOLTAGE - VOLTS 
bre - FORWARD CURRENT TRANSFER RATIO 


f 
as + aes L ; : 
{ i f | | 


0 L 3. J i 
or 10 0 100 1000 i) or 10 16 100 1000 


Ig -COLLECTOR CURRENT~ mA Ig “COLLECTOR CURRENT- mA. 


2N5366 2N5366 


350 = yy ooo oo) 
| |HFE VS te Vog * S VOLTS ; 


' | I || | 
| Tas Woe 


8 


Vpg ~ SASE EMITTER VOLTAGE - VOLTS 


hee - FORWARD CURRENT TRANSFER RATIO 


‘Ol 10 ) 100 1000 
Tg - COLLECTOR CURRENT -ma 


ol or ir) 0 10 1000 
Ig - COLLECTOR CURRENT - mA 


2N5367 2N5367 


700 : 
TTT I 
i ie i 
i HFE VS Ig | 
[Moe 2 5 VOLTS fe 
ba H as ! 
> I 
5 Tas 100°C 1 i 
> 2 s00 es + 
rr a | 
8 ho eh i 
3 é i ' 
5 & H | 
s 5 soo ' | Ty = 28°C 
« a t 
c F i ; 
= A i] dt 
é \ 
= 300 
a 5 | 
a a H | | 
: g 
3 = 200! 1. : 
£ 1 
& Tat “35°C, 
a : 
ra 
100 + + 
i134 
1 
, oe eee oe ees 


Ol 10 f) 100 Or on 10 10 [o) '000 
Te “COLLECTOR CURRENT ~ ma Tg - COLLECTOR CURRENT-ma 


500 


PI 
TYPICAL COLLECTOR ee VOLTAGE 2N5365, 6, 7 


COLLECTOR CURRENT 
2N5365 


ca aa 
ates 4 ee a 
Sire Te 
4 Semeaed Sieeeaars oe! 
g [510 Ig Tas-ssec 
8 
i 2 f+. 4d L ~ pr2sfe af 
g Tat lore 
5 
Ewe maar Zee 
een a —_— 
& 35°C 
F ie ea 
a Tar2ee 
& 04 en a soil 
3 02 —+~ + ot + 
8 
oO ae st 
os 02 04 06 O8 10 Fa 40-60 80 100 200 400 600 


ry 6 6 0 
1g - COLLECTOR CURRENT-mA 


2N5366 


fo 
—t 
+) 


° 
a 
+ 

— 


z 
— 


tee Wig 


Tastoorc 


8 8s if 
io 
a i 
Ei reese 2 
mE 
mt 
ne Oe ee 


Vce (SAT] COLLECTOR EMITTER SATURATION VOLTAGE -VOLTS 


™! 100°C Tas 25ec T il 
re cb ol |e Ok Ce 
Tae 86 °C 
sah r Ti 
| ) 
Oy, 32 on a6 O8 19 2 4 6 ew 20 it 60 80 WO 200 500 
T, COLLECTOR CURRENT-ma 
| 
| 
| 
2N5367 
1 
3 


R 85 


g 


\gg(SAT) COLLECTOR EMITTER SATURATION VOLTAGE - VOLTS 
z 


2N5365, 6, 7 


TYPICAL SMALL SIGNAL CHARACTERISTICS 
vs. 
EMITTER CURRENT 
2N5365, 5366, 5367 
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2N5365, 6, 7 


TYPICAL 
BASE SATURATION VOLTAGE 
vs. 
COLLECTOR CURRENT 
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TYPICAL COLLECTOR CHARACTERISTICS 
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2N5365, 6, 7 
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I, COLLECTOR CURRENT mA 
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Silicon 
Transistors 


2N09418,19,20 


[ 2N5447-51 SEE GES5447-51 | 


This series of transistors are NPN silicon, planar, epitaxial, passivated de- 
vices. These units feature low collector saturation voltage, good current gain 
linearity over a wide collector current range, high gain-bandwidth product, 
and low noise. These characteristics make these units excellent for use in gen- 
eral purpose consumer and industrial amplifier and switching applications. 


absolute maximum rati ngs: (25°C) (unless otherwise specified) 


Voltages 
Collector to Emitter Vero 25 Volts = 
Emitter to Base Vero 4 Volts 198 
Collector to Base Vso 25 Volts tks > 
MOTE 1: Lead diameter is controlled in the 075 
Current in vl Botwoon 250 ond tad of ocd 055 26s 
max. of O21 is held. Las 
Collector (Continuous) Tc 500 mA 
-500 SEATING 
melee tebe GES tates / 00 | Me ME 
* TO-98 || }-|.0502 .o0s 
Total Power (Free Air at 25°C) * Pr 400 mW 44 [008.008 
Temperature ot = 
Storage Tite —65 to +150 °C en a) 
Operating T; +125 °C 
Lead temperature, \,” + \,” from case for 
ten seconds maximum Ti +260 °C 
*Derate 4.0 mW/°C increase in ambient temperature above 25°C. 
electrical characteristics: (25°C) (untess otherwise specified) 
STATIC CHARACTERISTICS Min. Max. 
Collector Cutoff Current 
(Ver = 25V) Icso 100 nA 
(Ves = 25V, Ta = 100°C) Tero 10 BA. 
(Ven = 25V) Toes 100 nA 
Emitter Cutoff Current 
(Ver = 5V) Inno 10 vA 
Forward Current Transfer Ratio 
(Ver = 10V, Ic = 2 mA) 2N5418 her 25 
(Vcr = 1V, Ic = 50 mA) 2N5418 hre 40 120 
(Vox = 5V, Ic = 300 mA) 2N5418 here 20 
(Vce = 10V, Ic = 2 mA) 2N5419 hre 10 
(Vce = 1V, Ic = 50 mA) 2N5419 her 100 300 
(Vee = 5V, Ic = 800 mA) 2N5419 hrs 40 
(Vex = 10V, Ip = 2 mA) 2N5420 hry 150 
(Ver = 1V, Ic = 50 mA) 2N5420 hire 250 500 
(Vcr = 5V, Ic = 300 mA) 2N5420 here 75 
Collector Emitter Breakdown Voltage 
(Ic = 10 mA) Vise czo 25 Volts 
Collector Saturation Voltage 
(Ic = 50 mA, In = 2.5 mA) Ver war .250 Volts 
(Ic = 800 mA, Ip = 30 mA) Ver wan 1.0 Volts 
Base Saturation Voltage 
(Ic = 50 mA, Ir = 2.5 mA) Var (AT) Lk Volts 
(Ic = 800 mA, In = 80 mA) Vex war 2.0 Volts 
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Base Emitter Voltage 
(Vee = 10V, Ic =2 mA) 


DYNAMIC CHARACTERISTICS 


Forward Current Transfer Ratio 


(Vcr = 10V, Ic = 2 mA, f = 1 kHz) 2N5418 
(Vcr = 10V, Ic = 2 mA, f = 1 kHz) 2N5419 
(Venu = 10V, Ip = 2mA, f = 1 kHz) 2N5420 


Output Capacitance, Common Base 
(Ves — 10V, Iz = 0, f=1 MHz) 


Input Capacitance, Common Base 
(Vez = 0.5V, Ic = 0, f = 1 MHz) 


Gain Bandwidth Product 
(Ven = 10V, Ie = 2 mA) 


Vv BE 


fr 
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Min. Typ. 
0.5 
25 
70 
150 

4 

250 


2N5418, 19, 20 


Max. 


0.8 


35 


Volts 


pF 


pF 


MHz 


Light Detector pianar Silicon Photo-Darlington Amplifier 


=| 2N5777-80 


This General Electric Light Sensor Series is an NPN planar silicon photo-darlington amplifier. For £5» 
many applications, only the collector and emitter leads are used. A base lead is provided to control a Yu 
Sensitivity and the gain of the device. They are packaged in clear epoxy encapsulant and can be 
used in industrial and commercial applications requiring a low-cost, general purpose, photo- 


sensitive device. 


absolute maximum ratings: (25°C) cuntess otherwise specified) 


2NS777,79 2N5778, 80 
(L14D1,3) (L14D2,4) 


Voltages—Dark Characteristics 
Collector to Emitter 
Collector to Base 
Emitter to Base 


Current 
Light Current 


Dissipation 
Power Dissipation* 


Temperature 
Junction Temperature 
Storage Temperature 


*Derate 2.67mW/°C above 25°C ambient 


electrical characteristics: 


Static Characteristics 


Light Current (Vcr = SV, H = 2mW/cm? **) Ip 
Forward Current Transfer Ratio (VcRE = 5V, 

Ic = 2.0mA) hrE 
Dark Current (Vox = 12V, Ip = 0) Ip 
Collector-Emitter Breakdown Voltage 

(ic = 10mA, H = 0) V(BR)CEO 
Collector-Base Breakdown Voltage 

(ic = 100A, H = 0) V(BR)CBO 
Emitter-Base Breakdown Voltage 

(Ig = 100uA, H = 0) V(BR)EBO 
Dynamic Characteristics Min. 
Switching Speeds (Vcr = 10V, 1, = 10mA, 

Ry = 100 ohms, GaAs LED source) 

Delay Time tq - 

Rise Time t a 

Storage Time ts a 

Fall Time te a 
Collector-Base Capacitance (Vcp = 10V, f = 1MHz) Cop - 
Emitter-Base Capacitance (Ve p = 0.5V, f = 1MHz) Ceb - 
Collector-Emitter Capacitance (Vc KEG = 10V, 

f - 1MHz) Coeo - 


VCEO 
VcBo 
VEBO 


Ip 
Pr 


Ty 
Tstg 


25 40 
25 40 
8 12 
250 250 
200 200 


+—— 100°C ———+ 
# -65°C to +100°C —» 


( 2 5 y C) (unless otherwise specified) 


**H = Radiation Flux Density. Radiation source is an unfiltered 
tungsten filament bulb at 2870°K color temperature. 


2N5777, 78 
Min. Max. 
0.5 - 
10k - 

2N5777, 79 
Min. Max. 
— 100 
25 - 

25 - 
8 = 
2N5777-80 

Typ. Max. 

30 100 
75 250 
0.5 Ss 
45 150 
7.6 10 
10.5 = 
3.4 - 
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Volts 


Volts f i] 
Volts 1 ] 
DIMENSIONS WITHIN SEATING iS ‘a L} 
A JEDEC OUTLINE 70-92. ~ PLAN 
” NOTE t: Lead diameter is 
controlled in the zone between 
.070 and Riper eat) 500 
rt . Bet: nm. and end o! 
mW fod o mox. of O21 js bald. SLEAL 
ALL DIMEN. IN INCHES ANO | ore 
ARE REFERENCE UNLESS bas 
TOLERANCED. 15844 
Lgl 08! 
za 94 
TE CLL 
183.005 \ ec B 
2N5779, 80 2B 080 | 
Min. Max. | 20s 
5 
2.0 - mA Bd 
2.0k - 
2N5778, 80 
Min. Max. 
- 100 nA 
40 aa Volts 
40 - Volts 
12 _ Volts 
A | [060 
.030 
usec, 
usec. THE 0.086" SQUARE PELLET 
psec. 1S WITHIN THE SHADED AREA 
psec. THE ACTIVE AREA IS , 
CENTERED WITHIN A 0.015" 
F SQUARE ON THE PELLET 
Pp SURFACE 
pF DIMENSIONS ININCHES BCE 
F PELLET LOCATION 
Pp 


Ip -NORMALIZEO LIGHT CURRENT 


IL/Iy @ 25°C -RELATIVE LIGHT CURRENT 


I_-LIGHT CURRENT-mA 


TYPICAL ELECTRICAL CHARACTERISTICS 


|} | oR MALIZzEO 


0 10 20 30 40 $0 
Vog~ COLLECTOR TO EMITTER VOLTAGE -VOLTS 


1. NORMALIZED LIGHT 
CURRENT VS. COLLECTOR TO 
EMITTER VOLTAGE 


ae 
H= 2mw/cm 


“+80 -25 ° 25 $0 75 
T~ TEMPERATURE ~ °C 


4. RELATIVE LIGHT CURRENT 
VS. AMBIENT TEMPERATURE 


100 


I, -NORMALIZED LIGHT CURRENT 


: 


NORMALIZED TO. 
Veg *¥ 
1) 


= aenws cm? 


+ 


° 5 10 18 20 2s % 
Vee “COLLECTOR TO EMITTER VOLTAGE -VOLTS 


2. NORMALIZED LIGHT 
CURRENT VS. COLLECTOR TO 
EMITTER VOLTAGE 


UK 


35 


sesetpzau 
A | 


[ TK 


RBS, 
} 


Hes nO, ad a FS 


Ip-OARK CURRENT-r& 


104 


103 


i) 2s 50 75 


RELATIVE SPECTRAL RESPONSE 


Veg tl2v 
HeO 


100 125 


T~ TEMPERATURE -°C 


3. DARK CURRENT VS. 
TEMPERATURE 


fo] 


“90 -B0 -70 -60 -50 -40 -30 -20 -I0 0 10 20 30 40 80 60 70 80 90 


@~ INCIDENT ANGLE-DEGREES 


10 
fd a a a 
po} rN 
<< 
€ 
' 
re 
z 
a 
10 Fd 
=] 
.) 
od 
xz 
4 
a 
i) 
. 
H 
1.0) 
0. 0.01 
0.01 ou ! 10 100 0 04 0.8 h2 
RELATIVE SWITCHING SPEED t- TIME ~ msec 
tatty tee ty 


7. LIGHT CURRENT VS. 


RELATIVE SWITCHING SPEED 


8. TRANSIENT RESPONSE 
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WITH RESISTIVE BIASING 


5. RELATIVE RESPONSE VS. INCIDENT ANGLE 


o« Os 06 or Oe Og ir) ww 
A- WAVELENGTH ~ MICRONS: 


6. SPECTRAL RESPONSE CURVE 


5 

aL 

e | 

a 

al 

w 

a 

[4 

pe 

2 | 

- 

x 

a 

‘, 01H 

Lal |_| 
a Siaee 
| | : 

8 


noRAGi 
WY 
MCE 
0. 2 2.0 


t- TIME —- msec 


1.6 


9. TRANSIENT RESPONSE 
WITH CASCODE BIASING 


|_ 2N5810-6017 SERIES SEE GES5810-601; 


o=a=— 
DI3T SERIES 


2N6027,8 


Silicon 
Programmable 
Unijunction 


Transistor 
(PUT) 


The General Electric PUT is a three-terminal planar passivated PNPN device in the standard 
plastic low cost TO-98 package. The terminals are designated as anode, anode gate and cathode. 

The 2N6027 and 2N6028 have been characterized as Programmable Unijunction Transistors 
(PUT), offering many advantages over conventional unijunction transistors. The designer can 
select Ry and R, to program unijunction characteristics such as 7, Rgp , Ip and Iy to meet his 
particular needs. 

The 2N6028 is specifically characterized for long interval timers and other applications 
requiring low leakage and low peak point current. The 2N6027 has been characterized for 
general use where the low peak point current of the 2N6028 is not essential. Applications of 
the 2N6027 include timers, high gain phase control circuits and relaxation oscillators. 


10 Outstanding Features of the PUT: Applications: 

1. Planar Passivated Structure @ SCR Trigger 

2. Low Leakage Current @ Pulse and 

3. Low Peak Point Current Timing Circuits 

4. Low Forward Voltage © Oscillators 

5. Fast, High Energy Trigger Pulse @ Sensing Circuits 

6. Programmable n © Sweep Circuits 

7. Programmable Rgp 

8. Programmable Ip 

9, Programmable Iy NOTE |: LEAD DIAMETER 1S CONTROLLED IN THE 
10. Low Cost ZONE BETWEEN .070 ANO .250 FROM THE SEATING 


PLANE. BETWEEN .250 AND END OF LEAD A MAX. 
OF .O21 1S HELO. 

Operation of the PUT as a unijunction is easily understood. Figure 1(a) shows a basic unijunction circuit. Figure 2(a) shows 
identically the same circuit except that the unijunction transistor is replaced by the PUT plus resistors R, and Ry. Comparing the 
equivalent circuits of Figure 1(b) and 2(b), it is seen that both circuits have a diode connected to a voltage divider. When this diode 
becomes forward biased in the unijunction transistor, Ry becomes strongly modulated to a lower resistance value. This generates a 
negative resistance characteristic between the emitter E and base one (B,). For the PUT, the resistors R; and R2 control the 
voltage at which the diode (anode to gate) becomes forward biased. After the diode conducts, the regeneration inherent in a PNPN 
device causes the PUT to switch on. This generates a negative resistance characteristic from anode to cathode (Figure 2(b)) 
simulating the modulation of R, for a conventional unijunction. 


Resistors Rp2 and Rg, (Figure 1(a)) are generally unnecessary when the PUT replaces a conventional UJT. This is illustrated in 
Figure 2(c). Resistor Rg, is often used to bypass the interbase current of the unijunction which would otherwise trigger the SCR. 
Since R; in the case of the PUT, can be returned directly to ground there is not current to bypass at the SCR gate. Resistor Rpo is 
used for temperature compensation and for limiting the dissipation in the UJT during capacitor discharge. Since R2 (Figure 2) is 
not modulated, Rg» can be absorbed into it. 


Veo 
" Ryg"Ri + Re 
R, 
R, 7" R+Re 
i} 
Te 
: | 
1(a) Typical Circuit 1(b) UJT 1(c) Negative 2(a) PUT Replacing 2(b) UJT 2(c) Simplified Typical 
Equivalent Resistance UJT in Typical Equivalent Circuit 1(a) 
Circuit Characteristic Circuit 1(a) Circuit 
Using PUT 
Figure 1 Unijunction Transistor Figure 2 PUT Equivalent of UJT 
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D13T SERIES 


R 
’ , A : 2N6027, 8 
absolute maximum ratings: (25°C) G 
Voltage Ry 
*Gate-Cathode Forward Voltage +40 V 
*Gate-Cathode Reverse Voltage 5 V 
*Gate-Anode Reverse Voltage +40 V 
*Anode-Cathode Voltage +40 V 
Current 
*DC Anode Currentt 150 mA 
Peak Anode, Recurrent Forward 
(100 usec pulse width, 1% duty cycle) 1A 
*(20 usec pulse width, 1% duty cycle) 2A 
Peak Anode, Non-recurrent Forward 
(10 psec) SA 
*Gate Current +20 mA 
Capacitive Discharge Energyt} 250 uJ 
Power 
*Total Average Powert 300 mW 
Temperature 
*Operating Ambientt ‘s 
Temperature Range —50°C to +100°C 


+Derate currents and powers 1%/°C above 25°C 
{+tE =% CV? capacitor discharge energy with no current limiting 


electrical characteristics: (25°C) (unless otherwise specified) 


2N6027 2N6028 
(D13T1} (D13T2) 
Fig. No. Min. Max. Min. Max. 
*Peak Current (V, = 10 Volts) Ip 3 + 
(Rg = 1 Meg) 2 AS pA Se =v, 
(Rg = 10k) 5 1.0 pA 
*Offset Voltage (V, = 10 Volts) Vr 3 
(Rg = 1 Meg) 2 “1.6 2 6 Volts 
(Rg = 10k) 2 6 2 6 Volts Figure 4 
*Valley Current (V, = 10 Volts) ly 3 3 
(Rg = 1 Meg) 50 25 pA 
(Rg = 10k) 70 25 pA 
(Rg = 200 £2) 1.5 1.0 mA 
Anode Gate-Anode Leakage Current 
*(V, = 40 Volts, T = 25°C) lexe:. “4 10 10 nA 
(T = 75°C) 100 100 nA 
Gate to Cathode Leakage Current 
(V, = 40 Volts, Anode-cathode short) Igxs 5 100 100 nA 
*Forward Voltage (Ip = 50 mA) VF 1.5 1.5 Volts 
*Pulse Output Voltage Vo 6 6 6 Volts 
Pulse Voltage Rate of Rise t, 6 80 80 nsecs. Figure 5 


*JEDEC registered data 


16k 


27k 


'o- PEAK POINT CURRENT In ..1CROAMPS 


VALLEY CURRENT 
AS A FUNCTION QE 
GATE “ON STATE" CURRENT 
GATE TO CATHODE ASSUMED SHORT 
CIRCUIT FOR 

PROGRAMMABLE UNIJUNCTION 


SCT SS 
UT [Sug 2xsoee! [TT 


PEAK CURRENT 


AS A FUNCTION OF 
GATE SOURCE IMPE DENCE 


FOR 13 T TYPE 
PROGRAMMABLE UNIJUNCTION 
TRANSISTOR 

V_= OV 


ly-VALLEY CURRENT~ MILLIAMPS 


| | 
1 
10 


= ub an 
0th AT 
0.1 Ke} 


Ig * Ve/RgMILLIAMPS) 


00} 
0.1 . 1000 001 Ol 
GATE SOURCE IMPEDENCE IN OHMS (IN THOUSANDS) 


1p) vs Gate Source Impedance ly vs Gate “‘on state” Current 


salle 
Vg =l0 VOLTS 
t 


Vg=10 VOLTS 


tee 
a 


0.0175 -50 -25 ° 25 50 75 100 
AMBIENT TEMPERATURE-°C AMBIENT TEMPERATURE-°C 
Ip vs Temperature and Rg ly vs Temperature and Rg 


30 


N 
o 


C 20.2 MICROFARADS 


3 


I 


VT-OFFSET VOLTAGE-VOLTS 
Vg -PULSE OUTPUT VOLTAGE-VOLTS 


C= 1000 PICOFARADS 


-75 -50 ~25 fe 25 50 75 100 oS 10 20 30 40 
AMBIENT TEMPERATURE -°C V-VOLTAGE-VOLTS 
Vy vs Temperature and Rg Peak Output Voltage 
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APPLICATIONS 


TYPICAL UNIJUNCTION CIRCUIT 
CONFIGURATIONS 


Here are four ways to use the PUT as a unijunction. 
Note the flexibility due to “programmability.” Appli- 
cations from long time interval latching timers to 
wide range relaxation oscillators are possible. 


HOUR TIME DELAY 
SAMPLING CIRCUIT 


This sampling circuit lowers the effective peak cur- 
rent of the output PUT, Q2. By allowing the 
capacitor to charge with high gate voltage and 
periodically lowering gate voltage, when Q1 fires, the 
timing resistor can be a value which supplies a much 
lower current than Ip. The triggering requirement 
here is that minimum charge to trigger flow through 
the timing resistor during the period of the Q1 
oscillator. This is not capacitor size dependent, only 
capacitor leakage and stability dependent. 


1 SECOND, 1kHz OSCILLATOR 


Here is a handy circuit which operates as an oscillator 
and a timer. The 2N6028 is normally on due to 
excess holding current through the 100 kohm resis- 
tor. When the switch is momentarily closed, the 10 
uF capacitor is charged to a full 15 volts and 2N6028 
starts oscillating (1.8 Meg and 820 pF). The circuit 
latches when 2N2926 zener breaks down again. 


D13T SERIES 
2N6027, 8 


Ba "Bo" 
2 MEG 
1.8 MEG 
2Nn5I72 PuT 
2MEG 
2.2 
MEG 
LOW Ip 
VERY HIGH Ly LOW Ip, LOW Iy 
TEMPERATURE 
AND Vgp COMPENSATION 
"Bo" "Bo" 
“Ew INaisa Sh8k 18k 
2.7k 2.7k 
"8," ‘ 8" 
LOW Ip, MEDIUM ly LOW Ip, MEDIUM ly 
TEMPERATURE 
COMPENSATION 
VAG 
START 
+28V o—oe 
1000M 
a2 
7 
ies i 2ngo2 
Ql 
2N6028 Inga? PULSE 
Sur SpE 100 OUTPUT 
(GE74FOIB-505) {| 
(GE74FOIB-505) ~ 
+15 
100k 220k 
(On F 
GE76FO2FCIOO 
2N2926 
INITIATE + 220k 
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Silicon 
Complementary 


ae 2N6114 
Unijunction Transistor ONGII5 


2N6218-24 SEE GES6218-24 


COMPLEMENTARY UNIJUNCTION 


The General Electric Complementary Unijunction Transistor is a silicon 
planar, monolithic integrated circuit. It has unijunction characteristics with 
superior stability, a much tighter intrinsic-standoff ratio distribution and lower 


saturation voltage. toot! 
absolute maximum ratings: (25° C free air) [— —e 
Voltage 20 wa 
, Interbase Voltage 30 Vv ae | 
“ Emitter — Base 2 Voltage 8.0 Vv ca Dee a 
Current (Note 2) od a2 DIMENSIONS WITHIN 
* Average Emitter (Forward) 150 mA [were aaa! renee 
“Peak Emitter (Forward) (Note 1) 2 A age MOTE ores Sate 
Peak Reverse Emitter 15 mA aa eae <i 
Power i“ vacceg eee eter ae 
“Average Total (Note 2) 300 mW : Se SNE BPR A wae 
Temperature Spe ame ames ea it rer Euaita i, 
Operating —55to +150 °C es agra 
* Storage —55to +200 °C 


cc nee rr re mee ee ee ee ee me ee mS NY SS SY SS SY Pa 


electrical characteristics: (25° C free air) 


Min. Typ. Max. Notes: ; 
* Intrinsic Standoff Ratio (Note 3) ” 0.58 0.60 0.62 1. For capacitor discharge, resistor curren 
* Peak Point Voltage limiting is required for capacitors greate! 
(Vas = 5V) Vp 82 3.45 3.7 Volts than 5 uF and recommended ans 
(Van = 10V) Vp 6.1 6.45 6.8 Volts (A minimum of 15 ohms is required for 
. : good temperature stability.) 
Interbase Resistance N6114 2. Derate power and currents linearly to 
* (sn 7 0.1mA) ees Rano 5.5 6.8 8.2 kohms zero at maximum operating temperature 
Emitter Breakdown Voltage 2N6115 Rgro 5.0 15 kohms The intrinsi doff ratio (,) is 
(I = 10 A) Vv. 8.0 9.5 Volts 3. e int rinsic-stando: ra lo (y) 1 
* Peak Raat a ERIO . : essentially constant with temperature 
eak Point Current and interbase voltage. It and the 
(Vpn = 10V) 2N6114 I, 5 pA associated diode drop of peak point 
“Valley Point Current 2N6115 Ip 15 pA voltage are defined by the equations: 
(Vin ag 10V) Iy 1 2 mA = Vir — Vee 
Emitter Reverse Current ONG6114 7 Vin Van | Vo = Veo — 9 Vin 
(Veni = 5V) Ipnio 0.1 10 nA 
“ Emitter Saturation Voltage 2N6115 Iino 100 nA mrheres bi 2 ae = a 
(Ir = 50mA, Van = 10V) Ve(sat) 1.1 15 Volts an << 
* Modulated Interbase Current 4. The pen Haitians ee ae sh 
(Ip = 50mA, Vir = —= 10V) Tpe¢moa) 1.0 4 10 mA measu n ecircusl:s g 


* Peak Pulse Vol This specification is used to insure a 
eak Pulse Voltage minimum pulse amplitude for 


(Note 4) Vorr 3.5 4.5 Volts applications in SCR firing circuits and 
Diode Voltage Drop other types of firing circuits. 
(Note 3) Vp 30 .45 .60 
Minimum Charge to Trigger 
(Van = 10V) Q 50 
Turn-on Time (See Figure 7) ton 1 
Recovery Time (See Figure 7) tie 10 


Relaxation Oscillator Frequency Shift from 
25°C Value (See Figure 1, 


C= O.1uF, Rye = 950Q, Vs _ 12.5V) wo... TEST CIRCUIT 
~ 15°C to +65°C 02 06 % “eupenarune cance ae ce 
— 55°C to +150°C 0.4 10 % Sieilation Dewitt siie 
*JEDEC registered data ‘s FIGURE 1 FIGURE 2 
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Silicon 


Control Switch 


The General Electric Types 3N81 and 3N82 are PLANAR PNPN silicon controlled switches (SCS) offer- 
ing outstanding circuit design flixibility by providing leads to all four semiconductor regions. Unique fab- 
rication processes based on planar oxide passivation have resulted in high reliability and uniformity at low 
cost. The SCS is thoroughly characterized at temperature extremes to permit worst-case circuit design. 
Types 3N81 and 3N82 can be considered an integrated PNP-NPN transistor pair in a positive feedback 
configuration. As such they offer fewer connections, fewer parts, lower cost and better characterization 
than are available from two separte transistors. Their characterization permits them to be used as an ex- 
tremely sensitive SCR, as a complementary SCR, or as a “transistor” with “latching” capabilities. 


FEATURES: 


Completely eliminates rate effect problems 

Dynamic and static breakover voltages are identical 

Extremely high triggering sensitivity 

Design parameters specified at worst-case temperatures 
Characterized for SCR and complementary SCR type applications 
Characterized as PNPN and also as transistor integrated pair 

All planar, completely oxide passivated 

Leads to all four semiconductor regions 


absolute maximum ratings: (25°C) (unless otherwise specified) 


3N81 3N82 
Voltage 


DIMENSIONS WITHIN 
JEDEC OUTLINE TO-I8 
EXCEPT FOR 
LEAD CONFIGURATION 


NOTE 1: Lead diameter is controlled in the 
zone between .050 and .250 from the seat- 
ing plane. Between .250 and end of lead @ 
max, of .021 is held. 


NOTE 2: Leads having maximum diameter 


Anode to cathode forward and reverse 65 100 volts (018) measured in gaging plane 54 * O01 
Anode gate to anode reverse 65 100 volts shall be nbn O07 ote past ei 
Cathode gate to cathode reverse 5 5 volts Sr ee 
Total Current the actual device . 
Continuous DC forward” 200 200 ma 
Peak recurrent forward (Ts = 100°C, 100 usec. 
pulse width, 1% duty cycle) 1.0 1.0 amps ‘ ore a4 
Peak non-recurrent forward PNP EMITTER er | 
(10 usec. pulse width) 5.0 5.0 amps is NON 
Gate Current (Forward Bias) wales f 
Continuous DC anode gate 100” 100° ma We EMITTER 
Peak anode gate (T, = 100°C, 100 usec. 
pulse width, 1% duty cycle) 200 200 ma ies 
Peak cathode gate (Ts = 100°C, 100 usec. << (036 
pulse width, 1% duty cycle) 500 500 ma 1c), caTHooE oe AS. 
Continuous DC cathode gate 20 20 ma ALL DIMEN.IN INCHES AND ARE (NOTE 3) : 
Dissipation REFERENCE UNLESS TOLERANCED tS | 
Total power™ 400 400 mw | 
Cathode gate power™ 100 100 mw 
Temperature 
Operating junction —65 to +150 °C 
Storage —65 to +200 °C 


NOTE 1: Symbols and nomenclature are defined below. 


NOTE 2: Derate currents and power linearly to 150°C, the maximum rated temperature. The absolute maximum rating at any given temperature shall be in 


terms of the more conservative of the two parameters, i.e. current or power. 


definition of terms used in scs specifications 


PNPN devices available at present do not have a common 
nomenclature. In part, this is due to their different construc- 
tion and varied applications. SCS nomenclature permits the 
reverse characteristics of all three junctions to be specified. 


= -¢ I, (FORWARD) 
VF 


Vp (REVERSE) 
TR 


Vgo (BREAKOVER) 
Tao 

Vaos (STATIC) 
Vaop (DYNAMIC) 


ANODE ANODE 
NEGATIVE *— | —* posiTIVE 


ANODE TO CATHODE CHARACTERISTICS 


NOTE —ABSENCE OF G INOENTIFIES ANODE TO CATHODE 
SYMBOLS. DOT IDENTIFIES OPERATING POINT. 
BRACKETS INDICATE MEANING OF SUB8SCRIPT LETTER. 


FIG. 1 


The anode forward characteristics and gate triggering char- 
acteristics can also be specified fully. The principles used in 
assigning symbols are illustrated below, and with outline 
drawing above. 


A 
9 
| > | REVERSE CHARACTERISTICS FORWARD CHARACTERISTICS 
P- 77 Ven Iga ~~ 7 7 Vora Tota 
ete 
Da sae: Ig SSS Sees Vevu Tel 
Pw | Pree Teo SS ee etc Tete 
REVERSE VOLTAGE AT GATE VOLTAGE AT GATE TO TRIGGER 
CO {CATHODE GATE} (CATHODE GATE) 
NOTE: G IDENTIFIES GATE SYMBOLS. LAST LETTER 
(AOR C) MAY BE DROPPED IF NO AMBIGUITY 
RESULTS IN SPECIFIC CHARACTERIZATION, F 
FIG. 2 MEANS "FORWARD" AND T MEANS "TRIGGER™ 
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SCS CHARACTERIZATION 


electrical characteristics:” 


Typical Curves 


CUTOFF CHARACTERISTICS Symbol” Temp. 3N81 3N82 Fig. # 
Forward Blocking Current Ip max @ 25°C 1.0 wa max 14 
(Rec = 10K, Vac = Rated Voltage) @ 150°C 20 wa max 
Reverse Blocking Current Ip max @ 25°C 1.0 wa max 20 
(Rec = 10K, Vex = Rated Voltage) @ 150°C 20 wa max 
Cathode Gate Reverse Cutoff Current (at Rated Voltage) Toc @ 25°C 20 wa max 
Anode Gate Reverse Cutoff Current (at Rated Voltage) Tea @ 25°C 1.0 wa max 
CONDUCTING CHARACTERISTICS 
Forward Voltage Ve max @ 25°C 2.0 2.0 V max 15, 16 
(at 200 ma Anode current Rec = 10K) @ —65°C 2.5 2.5 V max 
Holding Current Ta max @ 25°C 1.5 1.5 ma max 11, 12, 18 
(Rec = 10K ) @ —65°C 6.0 6.0 ma max 
Saturation Voltage Versat xex = @ 25°C 2.0 2.0 V max 22, 23, 25 
(Ga to C) (Tec = 5ma, Ios = 50ma, I,= 0) 
TRIGGERING CHARACTERISTICS 
Cathode Gate Current to Trigger Tere max @ 25°C 1.0 1.0 wa max 4 
(Clerc from current source, Vac = 40V, Ra = 8002) @ —65°C 50 50 wa max 
Cathode Gate Voltage to Trigger Vere max @ 25°C .65 .65 V max 5 
(Vac = 40V, Ra = 8002, Rec = 10K, Rea = «, @ —65°C 1.0 1.0 V max 
Icrc from current source) Venn: @ 25°C 0.4 0.4 V min 
@ 150°C 0.15 0.15 V min 
Anode Gate Current to Trigger (Icrs from current source, Tera max @ 25°C 1.0 1.0 ma max 3 
Vac = 40V, Re = 8000, Rec = 10K) @ 65°C 3.0 3.0 ma max 
Anode Gate Voltage to Trigger Vora max @ 25°C 0.8 0.8 V max 6 
(Icts from current source, @ —65°C 1.0 1.0 V max 
Vac = 40V, Re = 8002, Rec — 10K, Rea = 1K) Voth nin @ 25°C 0.4 04 V min 
@ 150°C 0.2 0.2 V min 
TRANSIENT CHARACTERISTICS 
Turn-On Time (Vac = 20V, I, = 100 ma, Icc = 100 wa) tea @ 25°C 1.5 1.5 “us max 7,8 
(See circuits Fig. 9 and 10) @ —65°C 2.0 2.0 us max 
Recovery Time (Vac = 20V, I, = 100ma, Rec = 10K) tree max @ 25°C 15 15 ws max 18, 19 
(See circuit Fig. 17) @ 150°C 25 25 us Max 
Collector Capacitance Voltage Gate to Gate = 20V Cob max @ 25°C 15 15 pf 26 
Rate of Rise of Forward Blocking Voltage dv/dt max @ 25°C See Note 5 V/us max 
NOTE 3: The transistor characterization is essentially a restatement of the quire opposite polarites as identified by the test conditions. 
SCS characterization and is meant to facilitate using the SCS as NOTES5: The dv/dt rating is unlimited when the anode gate lead is returnea 
a complementary PNP-NPN integrated transistor pair, to the anode voltage through a current limiting resistor. An ex- 
NOTE 4: The [+] sign indicates that the PNP and NPN transistors re- ample of this technique is shown in Figure 33 


TRANSISTOR CHARACTERIZATION’ 


electrical characteristics: (25°C) (unless otherwise specified) 


3Ne81 3N82 Typical 
DC CHARACTERISTICS PNP! NPN! PNP! NPN! Curves 
Collector to Base Breakdown Voltage Min. Max. Min, Max. Min. Max. Min. Max. Fig. # 
(Ic = [+] 1.0ua, Ie = 0) BVcso —65 65 —100 100 volts 
Emitter to Base Breakdown Voltage 
(Ig = 0, In [NPN] = 20ya, In [PNP] = —1ya) BVrso  —65 5 —100 5 volts 
Collector Saturation Voltage (Ic = 50ma, In = 5ma) Verwan 2 2 volts 22, 23, 25 
Base Saturation Voltage (In = 1ma, Ic = 5ma) Vaxrcwar 0.9 0.9 volts 
Forward Current Transfer Ratio (Von = 0.5V, Ic = 3ma) here 15 15 21 
Forward Current Transfer Ratio hrr 0.1 0.1 24 
(Vex = —2.0V, Ie = —1ma) 
CUTOFF CHARACTERISTICS 
(3N81 at 65 volts; 3N82 at 100 volts) 
Collector to Emitter Leakage Current (Ts = 150°C) Icxzo —20 —20 wa 
(Rs = 10K O Ts, = 150°C) Torr 20 20 wa 
Collector to Base Leakage Current (In = 0, Ta = 150°C) Iczo —20 20 —20 20 wa 
Emitter to Base Leakage Current (Ic = 0, Ta = 150°C) Izzo —20 —20 wa 
(Ves = 5Vde, Ic = 0) Izzo 20 20 wa 
TRANSIENT CHARACTERISTICS 
Collector Capacitance (Is = 0, Ves = [4] 20V) Cop 15 15 15 15 pf 26 
Gain Bandwidth Product fr 75 75 mc 
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Silicon 


Controlled Switch 


———— |] ]]||_____—————aaaa—————— 


The General Electric Type 3N83 is PLANAR PNPN switch with separate leads provided to each of its 
four semiconductor regions to form the equivalent of an integrated PNP-NPN complementary transistor 


pair. It has been characterized as a low-cost, latching-type driver for Nixie tubes, alphanumeric display 


tubes and neon lamps. As such, it is ideally suited for very simple counter circuitry and applicatins requir- 
ing gate turn-off as weil as gate turn-on. Special features of the 3N83 neon driver include its ability to op- 
erate independently of the changes in ionization and deionization time of the lamp and its total freedom 


from inadvertant triggering caused by line transients (dv/dt). 


The 3N83 is housed in a four-leaded TO-18 size package. All junctions are completely oxide passivated — 2 between 050 and .250 trom the seat 
to provide maximum tong term reliability. Other PNPN devices in this series provide characterization — max. of .021 is held 
suitable for a wide variety of switching functions and are described in General Electric Publications 65.16, MOTE 2 Leats having maximum diameter 


65.18 and 65.19. 


Features: 


¢ Latching driver for neon lamps 
© Design parameters specified at worst-case temperatures 
¢ Gate turn-on and turn-off 


¢ Eliminates lamp ionization and deionization-time problems 


¢ All planar, completely oxide passivated 
¢ TO-18 size 


DIMENSIONS WITHIN 
YEDEC OUTLINE TO-18 
EXCEPT FOR 
LEAD CONFIGURATION 


NOTE 1: Lead diameter is controlted in the 
ing plane. Between .250 and end of lead a 


(.019} measured in gaging plane .054 + 001 
~~ .000 below the seating piane of the device 
shall be within 007 of true position rela- 
tive to a maximum width tab, 
NOTE 3: Measured from max. diameter of ] it 
the actual device. 100 
fino > + SEATING 
PNP EMITTER 9 4 (NOTE 2) PLANE 

PNP BASE ' } 
3 NPN 
PNP COLLECTOR 
COLLECTOR 2 


NPN BASE ' 
NPN EMITTER 


(194 ANODE 
(G,) 
6) 3 ANODE GATE 
CATHODE << : 
GATE 2 : 
(Clo1 caTHODE 


\ 036 
inot le SS. 
ALL DIMEN.IN INCHES AND ARE (NOTE 3) 


REFERENCE UNLESS TOLERANCED 
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PNPN NEON DRIVER CHARACTERIZATION 


THEORY OF OPERATION 


Considering a PNPN device as an integrated circuit in which 
an NPN transistor drives the lamp load and a PNP transistor 
provides the NPN with latching characteristics results in a 
family of outstanding driver circuits. 


Figure 1 compares the SCR and integrated circuit symbols 
of a PNPN. 


Figure 2 illustrates operation in a typical circuit. Initially, 
assume the NPN transistor is reverse biased. Its collector 
voltage (pin 3) will be at the collector supply voltage minus 
the lamp extinction voltage. Typically this will be 50 volts, 
which reverse biases the PNP transistor. The lamp is ex- 
tinquished. 


Applying a positive trigger pulse saturates the NPN transis- 
tor lowering its collector voltage within 1.0 volt of ground. 
This forward biases the PNP transistor turning it on and 
supplying additional base drive to the NPN transistor. The 
3N83 is characterized so that the NPN transistor remains 
saturated even after the triggering input is removed. The 


minimum PNP emitter current to guarantee this is defined 
as the holding current (Is). 


To turn off the 3N83 it is only necessary to interrupt the 
PNP emitter current momentarily. This removes the NPN 
base drive allowing the collector to rise to the lamp extinc- 
tion, voltage reverse biasing the PNP. The 3N83 is also char- 
acterized to turn off by a negative pulse at the NPN base. 
This is equivalent to gate turn-off of an SCR. The negative 
pulse diverts all the PNP collector current to reverse bias the 
NPN thus turning off the driver. 

The advantages of this circuit include (a) latching charac- 
teristics (b) no rate effect problems because the PNP emitter 
is normally reverse biased (c) spikes and ripple on either 
power supply will not turn on the driver accidentally (d) 
turn-off is readily achieved in the low voltage, low power 
PNP emitter or NPN base circuits (e) lamp ionization and 
deionization characteristics do not affect the circuit (f) dis- 
sipation is low since In is generated from a low voltage supply 
and (g) the circuit is low cost. 


4 LEADS 
“ory 4-002 
O17 Too 
(NOTE 1) 
CONNECTED 


INTERNALLY 
TO CASE 


absolute maximum ratings: (25°C) (unless otherwise noted) 


Voltages PNP! NPN‘ 
Collector to Emitter (R = 10K) Veer —70 70 ~=volilts 
Collector to Base Vero —70 70 volts 
Emitter to Base Verso —70 5 volts 

Emitter Current 
Continuous DC* li 50 —50 ma 
Peak Recurrent (Ts = 100°C, 100 usec. pulse width, 1% duty cycle) Tew@eax) 0.1 —0.1 amp 
Peak Non-Recurrent (10 usec. pulse width) Tawruar) 0.5 —0.55 amp 

Collector Current® 
Continuous DC? Ic —10 25 ma 
Peak Recurrent (Ts = 100°C, 100 usec. pulse width, 1% duty cycle) Tewrax> —50 50 ma 

Dissipation 
Total Power’ Pr 200 200 mw 

Temperature 
Operating Junction Ts —55 to +125 °C 
Storage Tae —65 to +200 °C 

electrical characteristics: (25°C) (unless otherwise specified) 
BDC CHARACTERISTICS PNP” NPN? 

Collector to Emitter Breakdown Voltage Min. Max. Min. Max. 

(Ic = 0.1 pa) BVcro —70 volts 
(Ic = 0.1 wa, R= 10K 2) BVcur 70 volts 

Collector to Base Breakdown Voltage (Ic = [+]‘ 0.1 wa, In = 0) BV cro —70 70 volts 

Emitter to Base Breakdown Voltage (Ic = 0, In [NPN] = 20 wa, Is [PNP] = —1 4a) BVuso —70 5 volts 

Collector Saturation Voltage (Ic — 25 ma, Is = 2.5 ma) Voxsary” 1.2 volts 

Base Saturation Voltage (In = 1 ma, Ic = 5 ma) Veaxswat 0.9 volts 

Forward Current Transfer Ratio (Vcxe = 0.5 V, Ic = 3 ma) hrs 15 
(Veu = —2.0V, Ic = 1.0 ma) hre 0.1 

CUTOFF CHARACTERISTICS 

Collector to Emitter Leakage Current (Vox = —70 Vde, Ta = 125°C) Iczo —20 Ba 
Ves = 70 Vde, Ra = 10K Q, Ts = 125°C) Ion 20 wa 

Collector to Base Leakage Current (Vos = [+]‘ 70 Vde, In = 0, Ts = 125°C) Icso —20 20 ya 

Emitter to Base Leakage Current (Ves = —70 Vde, Ic = 0, Ta = 125°C) Izzo —20 “Ha, 
(Ves = 5 Vde, Ic = 0) Tso 20 ya 

COMBINED DEVICE CHARACTERISTICS Min. Max. 

Collector Capacitance’ (In = 0, Ven = 20 Vdc) Cov 20 pf 

Forward Voltage (Iz — 50 ma) Ve 1.4 volts 
(Is = 50 ma, Ty, = —55°C) Vr 1.9 volts 

Holding Current (See test circuit below) Tu 4.0 ma 

Current to Trigger (See test circuit below) Irriceer 150 wa 

Voltage to Trigger (See test circuit below, T, = —55°C) Vrriccer 1.1 volts 
(See test circuit below, T, = 125°C) Voericcer 0.2 volts 

Turn-On Time (See test circuit below, Is [NPN] = 0.4 ma) ton 1.5 psec. 

Turn-Off Time (See test circuit below, Vr = 0 during recovery) tore 8 psec. 
(See test circuit below, Ts = 125°C) tote 15 psec. 

notes: 


« 4. All individual transistor ‘Aciepatackation 
“are given with the emitter of the comple- 
reeery transistor open; e.g., for Vexsan 
NPN): Ic (NPN » os 25 ma, Is (NPN) . 
2.5 ma,In (PNP) = 0. 
Derate current and power linearly to zero 
at 125°C. The absolute maximum rating 
at any given temperature shall be in 
terms of the more conservative of the 
two parameters, i.e., current or power. 
The collector current of the PNP is iden- 
eal to the base current of the NPN and 
e collector current of the NPN is iden- 
al to the base current of the PNP. (See 
outline drawing.) 
ch indicates that appropriate. “polarity 
ould be chosen for transistor under test. 
“Veneamaen is.-modulated by the PNP 
: emitter current. : 
‘ollector capacitance is measured ‘between _ 
inals 2 and 3. (See outline drawing.) 
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+170 V 
ISK 


+(2V oo0o00 
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O = OFF 
INITIALLY 
NIXIE TUBE 


o-6V% 20% 


Silicon 


Controlled Switch 


The General Electric Types 3N84 and 3N85 are PLANAR PNPN silicon controlled switches 
that feature an ‘‘extra lead’? which completely eliminates rate effect (dv/dt) and voltage tran- 
sient problems without compromising triggering sensitivity or transient response time. Unique 
fabrication processes based on planar oxide passivation have resulted in high reliability and 
uniformity at low cost. These devices are thoroughly characterized at temperature extremes to 


permit worst case circuit design. 


The 3N84 and 3N85 are ideally suited for low-level SCR applications such as lamp and relay 
drivers, sensitive voltage-level detectors, bistable memory elements, binary counters, shift regis- 
ters, ring counters, telemetry oscillators, time delay generators and pulse generators. These 
devices are housed in a four-leaded TO-18 size case and all junctions are completely oxide 
passivated. Other silicon controlled switches in this series provide characterizations suitable for 
a wide variety of low-level switching functions and are described in General Electric publica- 


tions No. 65.16 and 65.17. 


¢ Fourth lead completely eliminates rate effects (dv/dt) © Characterized at temperature extremes 


¢ Dynamic and static breakover voltages are equal e Low cost 
e 40 and 100 volt ratings ¢ TO-18 case 


absolute maximum ratings:” (25°C) (unless otherwise specified) 


Voltage 
Anode to cathode forward and reverse 
Anode gate to anode reverse 
Cathode gate to cathode reverse 
Total Current 
Continuous DC forward” 
Peak recurrent forward (T, = 100°C, 100 usec. 
pulse width, 1% duty cycle) 
Peak non-recurrent forward (10 usec. pulse width) 
Gate Current (Forward Bias) 
Continuous DC anode gate 
Peak anode gate (Ts = 100°C, 100 usec. 
pulse width, 1% duty cycle) 
Peak cathode gate (T, = 100°C, 100 usec. 
pulse width, 1% duty cycle) 
Continuous DC cathode gate 
Dissipation 
Total power” 
Cathode gate power” 
Temperature 
Operating Junction 
Storage 


3N84 3N85 


40 100 
40 100 
5 5 
175 175 
0.5 0.5 
2.0 2.0 
10 10 
10 10 
100 100 
10 10 
320 320 
50 50 
—55 to +125 
—65 to +200 


volts 
volts 
volts 


DIMENSIONS WITHIN — oe =e 
JEDEC OUTLINE TO-18 


EXCEPT FOR 138. ae 
LEAD CONFIGURATION : : I- 


NOTE 1: Lead diameter is controlled in the ar, 
zone between 050 and .250 from the seat \70, 
ing plane. Between .250 and end of lead a 
max. ot 021 1s held 
WOTE 2: Leads having maximum diameter 
{.019) measured in gaging plane 054 » .001 
below the seating plane of the device 
shall be within 007 of true position rela: -500 
tive to a maximum width tab. MIN 
NOTE 3: Measured from max. diameter of 
the actual device, 


SEATING 
PLANE 


4 LEADS 

+002 
a7 808 
(NOTE 1) 


CONNECTED 
INTERNALLY 
TO CASE 


CATHODE 


REFERENCE UNLESS TOLERANCED 


Boy PX OS 
ALL DIMEN.1N INCHES AND are {NOTE 3) | 


electrical characteristics:” 


Typical Curves 


CUTOFF CHARACTERISTICS Symbol” Temp. 3n84“ 3Nn8ss5‘” Fig. # 
Forward Blocking Current Ta max @ 25°C 1.0 pa max 12 
(Rec = 10K, Vac = Rated Voltage) @ 125°C 20 wa max 
Reverse Blocking Current Ln max @ 25°C 1.0 wa max 12 
Rec = 10K, Vea = Rated Voltage) @ 125°C 20 pa max 
Cathode Gate Reverse Cutoff Current (at Rated Voltage) Tac @ 25°C 20 wa max 
Anode Gate Reverse Cutoff Current (at Rated Voltage) Toa @ 25°C 1.0 wa max 
CONDUCTING CHARACTERISTICS 
Forward Voltage Ve max @ 25°C 1.9 1.9 V max 6,7 
(at 175ma Anode Current Rec = 10K) @ —55°C 2.5 2.5 V_max 
Holding Current Ta max @ 25°C 2.0 2.0 ma max 8, 9,11 
Rec = 10K) @ —55°C 10 10 ma max 
TRIGGERING CHARACTERISTICS 
Cathode Gate Current to Trigger?) Tore max @ 25°C 10 10 wa max 13 
Clerc from current source, Vac = 40V, Rs = 8002) @ —55°C 100 100 wa max 
Cathode Gate Voltage to Trigger?) Vere max @ 25°C .65 65 V max 14 
(Vac = 40V, Ra = 8000, @ —55°C 1.0 1.0 V max 
Rec = 10K, Res = & ) Vare min 25°C 0.4 0.4. V min 
Ierc from current source) @ 125°C 0.2 0.2 V min 
TRANSIENT CHARACTERISTICS‘ 
Turn-On Time ton max @ 25°C 1.5 1.5 ws max 3,10 
(Vac = 20V, I, = 100ma, Icc = 100 na) @ —55°C 2.0 2.0 ws max 
Recovery Time (3) tree inex @ 25°C 15 15 “ws max 4,5, 15, 16 
(Vac = 20V, I, = 100ma, Rec = 10K) @ 125°C 25 25 us max 
Rate of Rise of Forward Blocking Voltage dv/dt max @ 25°C See Note 4 V/us max 
NOTE 1: Symbols and nomenclature are defined at the top of the next page. from the anode gate to the anode supply voltage. Ln is the only 
NOTE 2: Derate currents and power linearly to 125°C. The absolute maxi- exception, the 220K resistor being deleted. 
mum rating at any given temperature shall be in terms of the NOTE 4: The dv/dt rating is unlimited when the anode gate lead is returned 


more conservative of the two parameters, i.e. current or power. to the anode | voltage through a current limiting resistor. An 
NOTE 3: The 3N84 and 3N&85 test conditions include a 220K resistor added 525 example of this technique is shown in Figure 23. 


definition of terms used in scs specifications 


. . A 
PNPN devices available at present a 
do not have a common nomencla- 
ture. In part, this is due to their Te REVERSE CHARACTERISTICS FORWARD CHARACTERISTICS 
different construction and varied Do Ven Tear 7 era Tota 
applications. SCS nomenclature per- 6,0 8 | 
mits the reverse characteristics of >---e Is--------- 7 Vive Tela 
all three junctions to be specified. Vp (REVERSE) Veo (BREAKOVER) 6&0 le | % 
sae L L SNe Tee eS a Vetc Ictc 
The anode forward characteristic R apeeere fw | tt foe 
and gate triggering characteristics ANODE —» ANODE Veon (DYNAMIC) REVERSE VOLTAGE AT GATE VOLTAGE AT GATE TO TRIGGER 
can also be specified fully. The MESRyIVE POSUEINE Co (CATHODE GATE) (CATHODE GATE} 
principles used in assigning sym- ANODE TO CATHODE CHARACTERISTICS NOTE: 6 IDENTIFIES GATE SYMBOLS. LAST LETTER 
ra (AOR C) MAY BI 
bols are illustrated at right and sore —asseuce of s moENTRES Ao ae pomt Hoe Sek specific CHARACTERATION. F 
with the outline drawing on pre- eure: INDICATE MEANING OF ‘SUBSCRIPT LETTER: MEANS "FORWARD" AND T MEANS “TRIGGER 
vious page. 
FIG. 1 FIG. 2 
20V0 Oo 
Voc 2ni925 
"RECOVERED PNPN 
y _ UNRECOVERED WAVEFORM 
D deseery ape Rice’ Anereesarn eee eee 
—t, Te DEVICE 
' UNDER TEST 
IK 
ANODE WAVEFORM DEFINING RECOVERY 1 0 
FIG. 4 RECOVERY TEST SET 


FIG. 3 FIG. S 


ANODE HOLONG CURRENT -1,,-MA. 


nema 


ANODE ROLOING CURRENT 
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ANODE VALLEY CURRENT -I)-MA 


‘FIG. 10 


SPECIFICATION LIM 
. +— 


CATHODE GATE TRIGGER CURRENT -I.,,-pA 
x 


-75 -50 -25 ° +25 +50 +75 +100 +125 
AMBIENT TEMPERATURE oa “Cc 


FIG. 13 


ANODE RECOVERY THME = $45 “A SEC Set : 


ENT TEMPERATURE -T,-*C 00” 
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08 


ANODE REVERSE CURRENT ~~ pA 
ANODE BLOCKING CURRENT =I. =A 


i 
SPECIFICATION LIMIT 
OV AT -55°C 

o7 
Eg 
i= 
> 
2 os 
Re) 
: 
w 
oS 
= 
4 05 
S 
iz 
& 
3 
2 04 
= 
w 
7 
<= 
- 

03 
a 
a 
=3 
5 @ INDICATES Rect 1OKa 

SPECIFICATION LIMIT 
° oz 4. i 
-B =50 =25 ° +25. «+50 +75. «+100 +125 
AMBIENT TEMPERATURE -T, - °C 


ANODE RECOVERY TIME -1,..-aSEC 
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VOLT INPUT PULSE. 

10K AND. .OOlaf INTEC 
TRIGGERS scs *2 THEN 
VOLTAGE TO PREVENT S$ 
RESISTORS SUPPRESS RA 


Silicon 


Controlled Switch 


The General Electric Type 3N86 is a PLANAR PNPN silicon controlled switch (SCS) offering out- 
standing circuit design flexibility by providing leads to all four semiconductor regions. Unique fabrication 
processes based on planar oxide passivation have resulted in high rehability and uniformity atlow cost. The 
SCS is thoroughly characterized at temperature extremes to permit worst case circuit design. 

The 3N86 can be considered an integrated PNP-NPN transistor pair in a positive feedback configuration. 
As such it offers fewer connections, fewer parts, lower cost and better characterization than is available 
from two separate transistors. Its characterization permits it to be used as an extremely sensitive SCR, 
as a complementary SCR, or as a “transistor’’ with “‘latching” capabilities. Type 3N86 is intended for 
applications requiring extremely Jow holding current, high triggering sensitivity at either gate and high 
turn-off gain. 


FEATURES: 

¢ Completely eliminates rate effect problems e Design parameters specified at worst-case temperatures 

© Dynamic and static breakover voltages are identical e Characterized for SCR and complementary SCR type applications 
e Extremely high triggering sensitivity at both gates ¢ Characterized as PNPN and also as transistor integrated pair 

* Low holding current ¢ Ail planar, completely oxide passivated 

¢ High turn-off gain ¢ Leads to all four semiconductor regions 


absolute maximum rati ngs” (25°C) (unless otherwise specified) 


Voltage 2230 
Anode to cathode forward and reverse 65 volts See oT ae 208 
Anode gate to anode reverse 65 volts EXCEPT FOR = Be 
Cathode gate to cathode reverse 5 volts LEAD CONFIGURATION 
ap Current é i 
ontinuous DC orward 200 ma NOTE 1: Lead diameter is controlled in the 
me ue ae cre 7 100°C, 100 usec. 1 ine, 750 a en of ad 3 
pulse wi % duty cycle ‘ amps Mee eat eh te» Glenys 
Peak non-recurrent forward (10 usec. pulse width) 5.0 amps Ug) measured ingagig pare O54 + 
Gate Current (Forward Bias) sll be within O07 of to poston ree 
Continuous DC anode gate” 100 ma tive to a maximum width tab. 
Sule wider dugg erie 200m cakes am is 
“0 y a ) 
Peak cathode gate (Ts = 10g ¢, 100 psec. PNP EMITTER 9 4 ae PLANE 
pulse width, 1% duty cycle 500 ma 3 NEN LEADS 
Continuous DC cathode gate 20 ma cotiecron aati 017 eat 
Dissipation ae APM EMITTER ants 
Total power® 400 mw INTERNALLY 
Cathode gate power” 100 mw vee” 
Temperature SS 
Operating junction —65 to+150 °C Peet CATHODE 028 Da 
° ( 3) 
Storage —65 to +200 °C meee ansarmanaatas MT | A ae 


NOTE 1: Symbols and nomenclature are defined below. 


NOTE 2: Derate currents and power linearly to 150°C, the maximum rated temperature. The absolute maximum rating at any 
iven temperature shall be in terms o 


DEFINITION OF TERMS USED IN SCS SPECIFICATIONS 
PNPN devices available at present do not have a common nomenclature. In part, this is due to their dif- 
ferent construction and varied applications. SCS nomenclature permits the reverse characteristics of all 
three junctions to be specified. The anode forward characteristic and gate triggering characteristics can 
also be specified fully. The principles used in assigning symbols are illustrated below and with outline draw- 
ing above. 
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TRANSISTOR 
CHARACTERIZATION" 


electrical characteristics:” 


SCS CHARACTERIZATION 


CUTOFF CHARACTERISTICS Symbol” Temp 3N86 
Forward Blocking Current Te max @ 25°C 1.0 wa Max 
(Rec = 10K, Vac = 65V) @ 150°C 20 wa max 
Reverse Blocking Current @ 25°C 1.0 wa max 
(Rec = 10K, Vea = 65V) Tr max @ 150°C 20 wa max 
Cathode Gate Reverse Cutoff Current (Vcc = —5V) Icc @ 25°C 20 pa max 
Anode Gate Reverse Cutoff Current (Vc, = —65V) Toa @ 25°C 1.0 pa max 
CONDUCTING CHARACTERISTICS -@ 25°C 2.0 V max 
Forward Voltage (I, — 200ma, Rec = 10K) Vr max @ —65°C 2.5 V max 
Forward Voltage (I, = 100ma, Ic, = 50ma, Rec = 10K) VF max @ 25°C 1.5 V max 
Holding Current @ 25°C 0.2 ma max 
(Ree = 10K ) Tu max @ —65°C 0.8 ma max 
Holding Current @ 25°C 2.0 ma max 
(Rec = 10K, Ica = 50ma) Tu max @ —65°C 8.0 ma max 
Saturation Voltage (Ga to C) (Icc = 5ma, Ica = 50ma, I, = 0) Veesat NPN @ 25°C 2.0 V max 
Saturation Voltage (Gi to C) (Icc = 0, Ic, = 50ma, In = 5ma) Vewsat NPN @ 25°C 2.0 V max 
TRIGGERING CHARACTERISTICS 
Cathode Gate Current to Trigger Tero max @ 25°C 1.0 pa max 
(Ierc from current source, Vac = 40V, Ra = 8002) @ —65°C 50 wa max 
Cathode Gate Current to Trigger 
(Ierc from current source, Vac = 40V, Ra = 8000, Ica = 50ma) Terc max @ 25°C 50 wa max 
Cathode Gate Voltage to Trigger Vere max @ 25°C .65 V max 
(Vac = 40V, Ra = 8000, Rec = 10K, Rea = &, @ —65°C 1.0 V max 
Ierc from current source) Vero min @ 25°C 0.4 V min 
@ 150°C 0.15 V min 
Cathode Gate Voltage to Trigger 
Vac = 40V, Ra, = 800Q, Rec = 10K, Tes = 50ma, Verte max @ 25°C 0.8 Vv max 
Ierc from current source) Vere min @ 25°C 0.4 V min 
Anode Gate Current to Trigger Tors max @ 25°C 0.1 ma max 
(Icrs from current source, Vac = 40V, Re = 8002, Rec = 10K) @ —65°C 0.25 ma max 
Anode Gate Voltage to Trigger Vara max @ 25°C 0.8 V max 
(Iera from current source, Vac = 40V, Re = 8002, @ —65°C 1.0 V max 
Rec = 10K, Rea = 1K) Viorcmin @ 25°C 0.4 V min 
@ 150°C 0.2 V min 
TRANSIENT CHARACTERISTICS 
Turn-On Time ton max @ 25°C 1.5 ws max 
(Vac = 20V, I, = 100ma, Icc = 100ua) (See circuit, Figure 3) @ —65°C 2.0 us max 
Turn-On Time (Vac — 20V, I, = 100ma, Icc = 100za, Ics = 50ma) toninax @ 25°C 2.0 psec max 
Recovery Time teeecmax @ 25°C 15 ws Max 
(Vac = 20V, I, = 100ma, Rec = 10K) (See circuit, Figure 4) @ 150°C 25 ws max 
Recovery Time (Vac = 20V, I, = 100ma, Rec = 10K, Ics = 50ma) tree max @ 25°C 15 usec Max 
Collector Capacitance Voltage Gate to Gate = 20V Con max @ 25°C 15 pf 
Rate of Rise of Forward Blocking Voltage dv/dt max @ 25°C (see note 5) V/ysec max _ 
electrical characteristics (25°C) (uniess otherwise specified) pn Nee 
DC CHARACTERISTICS Min. Max. Min, Max. 
Collector to Base Breakdown Voltage (In = [+] 1.0ua, In = 0) BVcso —65 65 volts 
Emitter to Base Breakdown Voltage (Ip = 0, In [NPN] = 20ua, In [PNP] = —1za) BVuxno —~65 5 volts 
Collector Saturation. Voltage (Ic = 50ma, In = 5ma) Venwsam 2 volts 
Base Saturation Voltage (I; = 1ma, Is = 5ma) Vexwar 0.9 __ volts 
Forward Current Transfer Ratio (Voz = 0.5V, Ico = 8ma) hrn 20 
Forward Current Transfer Ratio (Vox = —2.0V, Ic = —1ma) hre 0.2 
CUTOFF CHARACTERISTICS (Vic = 65 volts) 
Collector to Emitter Leakage Current (T, — 150°C) Iczo —20 wa 
Rs = 10KQ, Ts = 150°C) Tose 20. wa 
Collector to Base Leakage Current (Iz = 0, Ts = 150°C) Iczo —20 20 wa 
Emitter to Base Leakage Current (Ic = 0, Ts = 150°C) Tzzo —20 wa 
Vues = 5Vde, Ic = 0) Tso 20 pa 
TRANSIENT CHARACTERISTICS 
Collector Capacitance (In = 0, Ves = [+] 20V) Cov 15 15 pf 
Gain Bandwidth Product fr 75 me 


NOTE 3: The transistor characterization is essentially a restatement of the 
SCS characterization and is meant to facilitate using the SCS as a 
complementary PNP-NPN integrated transistor pair. 


to the anode voltage through a current limiting resistor. 


DEVICE 
UNDER TEST 


CONNECT 
POWER SUPPLY 
BEFORE 
INPUT PULSE 


FIG. 3 


RECOVERY TEST SET 


FIG. 4 
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TURN ON TIME TEST SET 


O+40V 


NOTE 4: The [+] sign indicates that the PNP and NPN transistors require 
opposite polarities as identified by the test conditions. ; 
NOTE 5: The dv/dt rating is unlimited when the anode gate lead is returned 


Photon Coupled Isolator 4N25-4N25A- eee 


Ga As Infrared Emitting Diode & NPN Silicon Dee ee 


The General Electric 4N25-4N26-4N27-4N28 consist of AN ease a 7 
gallium arsenide infrared emitting diode coupled with a sili- 


con photo transistor in a dual in-line package. 


FEATURES: 


High isolation resistance 

2500 volts isolation voltage 

1/O compatible with integrated circuits 
{Parameters are JEDEC registered values. 


absolute maximum ratings: (25°C) (unless otherwise specified) 


———~4 8 & 
j i $ 6 oth : ‘2805. i | 
Fast switching speeds caste ee Ls nis 
High DC current transfer ratio ee Gaal ereentcticn te Woe auaorent odieceet te. 


INCH MILLIMETER 
SYMBOL | MIN, | Max.| MIN. | MAX, | NOTES] 

A 330] 3508.38 |8.89 
8 300 REFI7.62 REF. 2 
Cc .340) 8.64 3 
D O16) O20} 406) 508] 
€ 200 5.08 4 
F 40] 0701.01 j1.78 
G O90} 110/228 [2.79 
4 08 5 2.16 5 
J 008] O12) 203) 305 
kK 100 254 3 
uM 15° 15 
N O18 381 3 
Pp 375 9.53 
R 100) 185/254 470] 
s 225| 280/571 [7.12 


terminal | 

2. Instatled position lead centers. 

3. Overott instatied dimension. 

4, These measurements are made from the seat- 
ing plane. 

5. Four places. 


{Storage Temperature -55 to 150°C. Operating Temperature -55 to 100°C. Lead Soldering Time (at 260°C) 10 seconds. 


INFRARED EMITTING DIODE PHOTO-TRANSISTOR 


+ Power Dissipation *150 milliwatts +Power Dissipation 
+Forward Current (Continuous) 80 milliamps 
+ Forward Current (Peak) 3 ampere 

(Pulse width 300 usec 2% duty cycle) 


+ Reverse Voltage 3 volts Collector Current (Continuous) 


**150 milliwatts 
30 volts 
70 volts 
7 volts 

100 milliamps 


*Derate 2.0mW/°C above 25°C ambient. **Derate 2.0mW/°C above 25°C ambient. 


+Total device dissipation @ 24-25°C. Pp 250mW. +Derate 3.3 mW/°C above 25 °C ambient. 


individual electrical characteristics (25°C) 


INFRARED EMITTING UNITS PHOTO-TRANSISTOR 


DIODE 
+Forward Voltage 1.1 1.5 Breakdown Voltage — V(gr)cEo 
(¢ =10 mA) (Ic = lmA, Ip =O) 
{Breakdown Voltage — VigrycBo 
(Ic = 100uA, I¢ = O) 
+ Reverse Current = 100 | microamps }{ + Breakdown Voltage — VigryEco 
(Vr = 3V) (Ig = 100uA, Ip = O) 
+Collector Dark Current Icgo9 4N25-27 
(Vcr = 10V, Ip =O) 4N28 
Capacitance 50 — picofarads || {Collector Dark Current — Icgo 


V=0,f=1 MHz (Vcr = 10V, Ip = O) 


coupled electrical characteristics (25°C) 


+DC Current Transfer Ratio (Ip = 10mA, Vcg =10V) 4N25,4N25A, 4N26 
4N27, 4N28 
+Saturation Voltage — Collector — Emitter (Ip = 50mA, 
eee (@ 500 volts) 
— IRED to Photo-Transistor volts 

Ga tanes TERED to Photo-Transistor (@ 0 volts, f = 1 MHz) 

*lsolation Voltage — voltage @ 60 Hz with the input 4N25 
terminals (diode) shorted together and the output 4N26, 4N27 
terminals (transistor) shorted together. 4N28 

4N25A 


Rise/Fall Time (Veg = 10V, Ice = 2mA, Ry = 10022) 
Rise/Fall Time (Vcp = 10V, Icg = 50uA, Ry = 10022) 
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volts 
volts 
volts 
nanoamps 


nanoamps 
nanoamps 


volts 


gigaohms 
picofarad 

volts (peak) 

volts (peak) 

volts (peak) 

volts (RMS) (1 sec.) 
microseconds 
nanoseconds 


ton ANd tee - NORMALIZED 
TURN ON AND TURN OFF TIMES 


Teco -NORMALIZED OUTPUT CURRENT 


~ FORWARD CURRENT - mA 


I, 


Tt ZV0 
AZ 
sya gaan 


TYPICAL CHARACTERISTICS 


Ip =10mA 


° 


NORMALIZED TO: 


Voce = !0v | 
0.1 


Ip = 10mA 
Ta = 25°C | 
-55 -15 25 65 100 
T, ~ AMBIENT TEMPERATURE - °C 


I ceo - NORMALIZED OUTPUT CURRENT 


10 100 
I, - INPUT CURRENT - mA 


OUTPUT CURRENT VS INPUT CURRENT 


a | 


OUTPUT CURRENT VS TEMPERATURE 


Ss ll 
PSIG 


\ 


peal | 


NORMALIZED TO: 
Vee IOV 


Ct a 7 Ip = 10mA ia a 


Togo - NORMALIZED OUTPUT CURRENT 


ts 


5 1.0 5 2.0 


A | ite) 
Ve - FORWARD VOLTAGE - VOLTS Voce ~ COLLECTOR TO EMITTER VOLTAGE - VOLTS 


INPUT CHARACTERISTICS OUTPUT CHARACTERISTICS 


Icao - OUTPUT CURRENT -y A 


10 
Tega’ OUTPUT CURRENT -mA If -INPUT CURRENT -mA 


SWITCHING TIMES VS OUTPUT CURRENT OUTPUT CURRENT (Icgo) VS INPUT CURRENT 
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Photon Coupled Isolator 4N29-4N29A-4N30-4N31 


4N32-4N32A-4N33 


Ga As Infrared Emitting Diode & NPN Silicon Photo-Darlington Amplifier iNeH— MICLIMETER 
Ye SxM80 et erin ETS sax. NOTES | 
The General Electric 4N29 thru 4N33 consist of a gallium * e [7° Bacl * jeca | 5 
arsenide infrared emitting diode coupled with a silicon photo- * | | e py 209 fost 4 
darlington amplifier in a dual in-line package. | re Peseagaeer Nera’ | 
FEATURES: a el slip pags [72 saele* |nael 
a c n  |.015 38t 3 
+ High DC current transfer ratio combat TLE lisl tides 2 
e High isolation resistance reese ea ome | TES st lap bAvae WGNGR a ieowe 
e 2500 volts isolation voltage > ¥ oe 1. a nat eatin me ocd ase 
e I/O compatible with integrated circuits a aim 5. Overall installed dimension. 
+Parameters are JEDEC registered values. : L-——_4 i oe Peon Maree nrg 


absolute maximum ratings: (25°C) (uniess otherwise specified) 


+Storage Temperature -55 to 150°C. Operating Temperature -55 to 100°C. Lead Soldering Time (at 260°C) 10 seconds. 


INFRARED EMITTING DIODE PHOTO-DARLINGTON 
+ Power Dissipation *150 milliwatts +Power Dissipation 
+ Forward Current (Continuous) 80 milliamps +VcEO 
+ Forward Current (Peak) 3 ampere tVcBo 

(Pulse width 300pusec, 2% duty cycle) +VEco 


+ Reverse Voltage 3 volts Collector Current (Continuous) 


*Derate 2.0mW/°C above 25°C ambient. 


{Total device dissipation @ Ta = 25°C. Pp 250 mW. +Derate 3.3 mW/°C above 25°C ambient. 


individual electrical characteristics (25°C) 


INFRARED EMITTING PHOTO-DARLINGTON 
DIODE 
+ Forward Voltage volts } Breakdown Voltage — V(grycBo 


(Ip = 10mA) (Ic = 100uA, Ip = O) 
{Breakdown Voltage — V(gr)ycEO 
+ Reverse Current microamps (Ig = ImA, Ip = O) 
(Vp = 3V) + Breakdown Voltage — V(pryEco 
(Ig = 100uA, Ip = O) 
Capacitance picofarads |] {Collector Dark Current — I¢gp 
V =0O,f = 1 MHz (Veg = 10V, Ip = O) 


+Collector Output Current (Ip = 10mA, Vcr = 10V) 4N32, 4N32A, 4N33 
4N29, 4N29A, 4N30 
4N31 
{Saturation Voltage — Collector — Emitter 4N29,29A,30,32,32A,33 
(Ip = 8mA, Ic = 2mA) 4N31 
Resistance — IRED to Photo-Transistor (@ 500 voits) 
Capacitance — IRED to Photo-Transistor (@ 0 volts, f = 1 MHz) 
fIsolation Voltage 60 Hz with the input terminals (diode) 4N29,29A,32,32A 
shorted together and the output terminals (transistor) 4N30,4N31, 4N33 
shorted together 4N29A, 4N32A 
Switching Speeds: Ic =50mA, Ip = 200mA) Figure 1 
Turn-On Time — ton 
Turn-Off Time — tog 4N29, 4N29A, 4N30, 4N31 
Turn-Off Time — tog 4N32, ae 4N33 
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milliwatts 
volts 
volts 
volts 
milliamps 


volts 

volts 

gigaohms 

picofarad 

volts (peak) 

volts (peak) 

volts (RMS) (1 sec.) 


microseconds 
microseconds 
microseconds 


Ic¢go -NORMALIZED OUTPUT CURRENT 


-NORMALIZED OUTPUT CURRENT 


CEO 


I 


re 
z 
ul 
N.C. Veco ia 
> 
vo 
5 

6 

a a 1 é 
fo) 2 
PULSE \ PULSE 3 
iNPUT | OUTPUT 3 
| uw 
| | 8 
IRED | | ___ PHOTO a 
x TRANSISTOR = 
| N | ra 
| { $ 
2 4 ' 

«a | | a: 
Tp? <sec ce St o S J — pe 


PULSE WIDTH * 1.0ms 


SWITCHING TIME TEST CIRCUIT 


TYPICAL CHARACTERISTICS 


10 10 
If - INPUT CURRENT - MA 


OUTPUT CURRENT VS INPUT CURRENT 


100 


NORMALIZED TO: 
Voce = 5V 


Ip = 1.0 MA 
Ta = +25°C 


‘ | | 


25 


Ta- AMBIENT TEMPERATURE - °C 


OUTPUT CURRENT VS TEMPERATURE 


Ve - FORWARD VOLTAGE - VOLTS 


INPUT CHARACTERISTICS 


1,000 _ 
“ 
[ ee 
| yal 
100 = 
2 | e 
e°) Z| a4] 
an “| 
3 
1.0 
@ 
= 
3 | 
2 Ol ‘a 5 
io 
[_ Ol 
ez | 001 I oem | 
65 100 ° 5 1.0 L5 2.0 


fe) 
oa 


36 
nN 


a 


+. 
NORMALIZE 
Voce = SV 
Tp = LOMA 


° 


T¢eq -NORMALIZED DARK CURRENT 


ale 


Ol 


TOE TTT TTT 


| 


° 


100 


+25 


+45 +65 


+100 


1.0 10 
Vcoe- COLLECTOR TO EMITTER VOLTAGE - VOLTS 


OUTPUT CHARACTERISTICS 
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Ty, ~ AMBIENT TEMPERATURE - °C 


NORMALIZED DARK CURRENT VS TEMPERATURF 


Photon Coupled Isolator 4N35-4N36-4N37 


Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor 


The General Electric 4N35-4N36-4N37 are gallium arsenide 
infrared emitting diodes coupled with a silicon photo-transis- 


tor in a dual in-line package. 


FEATURES: 
@ Fast switching speeds 
High DC current transfer ratio 
High isolation resistance 
High isolation voltage 
I/O compatible with integrated circuits 


absolute maximum ratings: (25°C) (unless otherwise specified) 


INFRARED EMITTING DIODE 


Power Dissipation Ta = 25°C 100 
Power Dissipation Te = 25°C 100 


Covered under U.L. component recognition program, reference file £51868 


milliwatts 
milliwatts 


(Tc indicates collector lead temperature 1/32" from case) 


Forward Current (Continuous) 60 

Forward Current (Peak) 3 
(Pulse width 1 usec, 300 pps) 

Reverse Voltage 6 


WDerate 1.33mW/°C above 25°C 


PHOTO-TRANSISTOR 
Power Dissipation Ta = 25°C 74300 
Power Dissipation Te = 25°C yw 00 


milliamps 
ampere 


volts 


milliwatts 
milliwatts 


(Tc indicates collector lead temperature 1/ 32” from case) 


VCEO 30 
VcBo 

VECO 

Collector Current (Continuous) 


wDerate 4.0mW/°C above 25°C 
¥orkDerate 6.7mW/°C above 25°C 


TOTAL DEVICE 


Storage Temperature -55 to 150°C 
Operating Temperature -55 to 100°C. 
Lead Soldering Time (at 260°C) 10 seconds. 


Relative Humidity 85%@85°C 
Input to Output Isolation Voltage 


volts 
volts 
volts 
milliamps 


4N35 2500 Vrms) 3550 V (peak) 
4N36 1750 VRMs) 2500 V (peak) 
4N37 1050 Virus) 1500 V (peak) 


* Indicates JEDEC registered values 
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6 SEE 
NOTE1 
“Tr Tt) 
3 1 
| c TOP VIEW) 
4 6 
it iI 


ea aes 
46 |e 
Le 
INCH MILLIMETER 
SYMBOL | MIN. {| MAX. | MIN. | MAX. | NOTES. 
a 330) 3501838 ls89 
B 300 REFI7.62 REF. 2 
c 34 64 3 
o O'6| O20] 406} 508 
€ 2 08 4 
F 040) O70}1.01 |t.78 
G O90} §10/2.28 |2.79 
H os 16 
J 008] O12) 203) 305 
K (00 254 3 
M 15° 18) 
N Os 384 3 
P 375 9.53 
R 100} 185/254 470) 
Ss 225] .280j)5.71 {7.12 


NOTES 

1, There shall be a permanent indication of term - 
inal orientation in the quadrant adjacent to 
terminal | 

2. Installed position lead centers. 

3. Overall installed dimension. 

4. These measurements are made from the sent~ 
ing plane 

5.Four places. 


eer | 

I 6 
¥ 4 

2 5 
! I 

3Q—+4— 4 
ee | 


4N35-37 


individual electrical characteristics (25°C) (unless otherwise specified) 


NER SYMBOL [aw | max UNITS |PHOTO-TRANSISTOR SYMBOL 


* Forward Voltage VF volts * Breakdown Voltage V(BR) CEO 
(ip = 10 mA) (Ic = 10 mA, Ip = O) 


volts 


* Forward Voltage 
(Ip = 10 mA) 
Ta =-55°C 


* Breakdown Voltage volts 


(ic = 100uA, Ip = O) 


V(BR) CBO 


* Breakdown Voltage volts 


(ip = 100uA, Ip = 0) 
Collector Dark Current 
(VCE = 10V, Ip = 0) 


* Collector Dark Current 
(VcE = 30V, Ip = O) 
Ta = 100°C 


V(BR) ECO 


* Forward Voltage 
(ip = 10 mA) 
Ta = +100°C 


ICEO nanoamps 


* Reverse Current 
(VR = 6V) 


microamps 


ICEO microamps 


Capacitance 
(V=0, f=1 MHz) 


picofarads 


Capacitance 
(VcE = 10V, f = 1MHz) 


CCE picofarads 


DC Current Transfer Ratio (Ip = 10mA, VcR = 10V) 

DC Current Transfer Ratio (Ip = LOmA, VCE = 10V) Ta = -55°C 

DC Current Transfer Ratio (Ip = 10mA, VCE = 10V) Ta = +100°C 

Saturation Voltage—Collector To Emitter (Ip = 10mA, Ic = 0.5mA) i; volts 
Input to Output Isolation Current (Pulse Width = 8 msec) 


(See Note 1) Input to Output Voltage = 3550 V (peak) 4N35 microamps 
Input to Output Voltage = 2500 V (peak) 4N36 microamps 
Input to Output Voltage = 1500 V (peak) 4N37 microamps 
Input to Output Resistance (Input to Output Voltage = 500V - See Note 1) gigaohms 
Input to Output Capacitance (Input to Output Voltage = 0, f = 1MHz - See Note 1) . picofarads 
Turn on Time -- ton (Vcc = 1L0V, Ic = 2MA, RL = 100Q)) (See Figure 1) microseconds 
Turn off Time — to¢¢ (Vcc = 10V, Ic = 2MA, Ry = 100SD) (See Figure 1) microseconds 


Note 1: Tests of input to output isolation current resistance, and capacitance are performed 
with the input terminals (diode) shorted together and the output terminals 
(transistor) shorted together 


* Indicates JEDEC registered values. 
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FIGURE 1 
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TYPICAL CHARACTERISTICS 
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5. OUTPUT CHARACTERISTICS 
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6. OUTPUT CHARACTERISTICS 
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4N35-37 


NORMALIZED TURN ON AND TURN OFF TIMES 


TYPICAL CHARACTERISTICS 


Togg-NORMALIZED OUTPUT CURRENT 


2 4 6 
Ip -INPUT CURRENT-mA 


7. OUTPUT CURRENT VS INPUT CURRENT 
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9. OUTPUT CURRENT VS TEMPERATURE 
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11, SWITCHING TIMES VS OUTPUT CURRENT 
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WORMALIZED TURNON AND TURNOFF TIMES 
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Ip- eur CURRENT= mA 
8. OUTPUT CURRENT — COLLECTOR TO BASE 
VS INPUT CURRENT 


Se go NORMALIZED OUTPUT CURRENT 


10. OUTPUT CURRENT VS BASE EMITTER 
RESISTANCE 
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12. SWITCHING TIME VS Rge 


Photon Coupled Isolator 4N38-4N38A 


Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor 


NCH MILLIMETER 
SYMBOL | MIN. | MAX.| MIN. | MAX. 


arsenide infrared emitting diode coupled with a silicon photo 
transistor in a dual in-line package. 


The General Electric 4N38 and 4N38A consist of a gallium * rm rh r 


FEATURES: 


YnvZExCTOnmooODD 


° High isolation resistance 204) os het ete ion at cnr 
1 1 3. Overall installed dimension 

e 2500 volts isolation voltage ee he ea 4 These measurements oe mode Frm te sea 
: eee er ot ing plone 

e I/O compatible with integrated circuits Lo 5. Four places. 


tIndicates JEDEC registered values 


absolute maximum ratings: (25°C) (unless otherwise specified) 
+Storage Temperature -55 to 150°C. Operating Temperature -55 to 100°C. Lead Soldering Time (at 260°C) 10 seconds. 


INFRARED EMITTING DIODE PHOTO-TRANSISTOR 
+ Power Dissipation milliwatts + Power Dissipation **150 milliwatts 
+ Forward Current (Continuous) milliamps tVcEo 80 volts 
+Forward Current (Peak) ampere tVcsBo 80 volts 
(Pulse width 300usec, 2% duty cycle) +VEco 7 volts 
+ Reverse Voltage 3 volts Collector Current (Continuous) 100 = milliamps 
*Derate 2.0 mW/°C above 25°C ambient. **Derate 2.0 mW/°C above 25°C ambient. 


{Total device dissipation @ Ta = 25°C. Pp 250 mW. fDerate 3.3 mW/°C above 25°C ambient. 
individual electrical characteristics (25°C) 


INFRARED EMITTING PHOTO-TRANSISTOR 


DIODE 
1.2 } 1,5 
- 100 
50 ~ 


+ Forward Voltage 
coupled electrical characteristics (25°C) 


Cad 


volts 


+ Breakdown Voltage — V(BR)CEO 
(Ic = = ImA, Ip- = O) 

{ Breakdown Voltage — V(BR)CBO 
(Ic = 1A, Ip = O) 

+ Breakdown Voltage — V(BR)ECO 
(Ug = 100nA, Ip = O) 

+ Collector Dark Current — IcFo 
(Vcr = 60V, Ip =O) 

Collector Dark Current — IcgRo 

(Vcr = 60V, Ip = O) 


(Ip = 10mA) 


volts 


f+ Reverse Current 
(Vp = 3V) 


microamps volts 


nanoamps 


Capacitance 
V=0,f = 1 MHz 


picofarads nanoamps 


tIsolation Voltage 60Hz with the input terminals (diode) volts (peak) 
shorted together and the output terminals (transistor) volts (peak) 
shorted together. volts (RMS) (1 sec.) 
+Saturation Voltage — Collector — Emitter (Ip = 20mA, Io = 4mA) volts 
Resistance — IRED to Photo-Transistor (@ 500 volts) gigaohms 


Capacitance — IRED to Photo-Transistor (@ 0 volts, f = 1 MHz) picofarad 

DC Current Transfer Ration (Ip = 10mA, Vcr = 10V) % 

Switching Speeds (Vcg = 10V, Ic, = 2mA, Ry = 1002) 
Turn-On Time — ton microseconds 
Turn-Off Time — tog¢ microseconds 
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Fast switching speeds SEATING nN 225] 2eo|s.71_ |?" 
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High DC current transfer ratio es sone Ne t | gal! 1 "There shall be apermanent indication of term - 


inal orientation in the quadrant adjacent to 
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TYPICAL CHARACTERISTICS 
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1, OUTPUT CURRENT VS INPUT CURRENT 


- FORWARD CURRENT -mA 
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3. INPUT CHARACTERISTICS 
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Vee = 10 VOLTS 
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Photon Coupled Isolator 4N39-4N40 


Ga As Infrared Emitting Diode & Light Activated SCR 


SYMBOL ita tax DM NOTES. 
s Pi . K 9 
The General Electric 4N39 and 4N40 consist of a gallium arsen- ae - 8 [300 aerlvee ener 2 
: . : . . . . . ote: a 340 . a 
ide, infrared emitting diode coupled with a light activated silicon ! BD | 016) 929) 06] 508, | 
controlled rectifier in a dual in-line package. F | 949] 0701.0) |s.7@ 
H .08 5 216 5 
i i ,) 008] 012] 203] 305 
absolute maximum ratings Soke cane LE eee] 
a a fi N Os I 3 
INFRARED EMITTING DIODE r 1 t ar] i e 375 9.53 
ei 8 3 ° ° saat | i H seating 5 4 Pp S [238] 280 eat rae 
+ Power Dissipation (-55°C to 50°C) milliwatts ood gg PLANE a ry | NOTES see : 
. Sas N I. There snail be apermanent indication of term 
+ Forward Current (Continuous) milliamps ! 1 a | inal orientation in the quadrant adjacent to 
(-5 5°C to 50° C) 3of— $04 as Sr, 2. Installed position lead centers. 
eet 3. Overati instatied dimension 
{Forward Current (Peak) (-55°C to 50°C) ampere = 2 THase, meandremadia gra arnds trois Wie oats 


ing plane 


(100 psec 1% duty cycle) 5.Four places. 

+ Reverse Voltage (-55°C to 50°C) volts 
*Derate 2.0mW/°C above 50°C. 

TOTAL DEVICE 


{Storage Temperature Range -55°C to 150°C 

+ Operating Temperature Range -55°C to 100°C 

+Normal Temperature Range (No Derating) -55°C to 50°C 

+ Soldering Temperature (1/16” from case, 10 seconds) 260°C 

{Total Device Dissipation (-55°C to 50°C), 450 milliwatts 

{Linear Derating Factor (above 50°C), 9.0mW/°C 

{Surge Isolation Voltage (Input to Output). See: Pg, 23 
1500 V (peak) 1060V (pms) 

+Steady-State Isolation Voltage (Input to Output). See: Pg. 23 

950V (peak) 660V (Rms) 


PHOTO-SCR 


+Off-State and Reverse Voltage 4N39 volts 
(-55°C to +100°C) 4N40 volts 

+Peak Reverse Gate Voltage (-55°C to 50°C) volts 

} Direct On-State Current (-55°C to 50°C) milliamps 

+Surge (non-rep) On-State Current amps 
(-55°C to 50°C) 

+Peak Gate Current (-55°C to 50°C) milliamps 

+Output Power Dissipation (-55°C to 50°C)**400 milliwatts 

**Derate 8mW/°C above 50°C. 


INFRARED EMITTING DIODE 


+Forward Voltage VF 
(lp = 10mA) 


PHOTO-SCR 


{Peak Off-State Voltage —Vpy 4N39 
(Rex = 10KQ, Ta = 100°C) 4N40 

+Peak Reverse Voltage—Vpy 4N39 
(Ta = 100°C) 4N40 volts 

fOn-State Voltage — Vy 5 volts 
(I7 = 300mA) 

t Off-State Current — Ip 4N39 microamps 
(Vp=200V,T4=100°CIp=O0,RGK=10K) 

+ Off-State Current — Ip 4N40 microamps 
(Vp=400V,T,4=100°C I p=O,RGK=10K) 

f Reverse Current — Ip 4N39 microamps 
(Vr = 200V, Ta = 100°C, Ip ood O) 

+ Reverse Current — Ip 4N40 microamps 
(Vp =400V, Ts = 100°C, Ip =O) 

+Holding Current — Ty microamps 
(Vex =50V, Rok bg 27KQ) 


t+ Reverse Current Ir microamps 
(Vp = 3V) 


Capacitance picofarads 
(V = O,f = 1MHz) 


coupled electrical characteristics (25°C) 


tInput Current to Trigger Vax = SOV, Rex = 10KQ milliamps 
Vax = 100V, Rox = 27KQ milliamps 
tIsolation Resistance (Input to Output) Vio = 500Vpc ‘ gigaohms 


+Turn-On Time — Vax = S0V, Ip = 30mA, Rox = 10KQ, Ry = 2002 microseconds 
Coupled dv/dt, Input to Output (See Figure 13) volts/microsec. 
Input to Output Capacitance (Input to Output Voltage = O,f = 1MHz) picofarads 
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tIndicates JEDEC Registered Values. 
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TYPICAL CHARACTERISTICS 
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FIGURE 1. INPUT CURRENT TO TRIGGER 


VS. ANODE-CATHODE VOLTAGE 
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DISTRIBUTION VS. TEMPERATURE 
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FIGURE 3. INPUT CURRENT TO TRIGGER 
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FIGURE 5. TURN-ON TIME VS. INPUT CURRENT 
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FIGURE 2. INPUT CURRENT TO TRIGGER 
VS. TEMPERATURE 
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FIGURE 6. INPUT CHARACTERISTICS 
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TYPICAL CHARACTERISTICS OF OUTPUT (SCR) 
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FIGURE 11. dv/dt VS. TEMPERATURE 
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FIGURE 12. ON-STATE 
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TYPICAL CHARACTERISTICS 


10A, T?L COMPATIBLE, SOLID STATE RELAY 


Use of the 4N40 for high sensitivity, 2500V iso- 

lation capability, provides this highly reliable solid 
state relay design. This design is compatible with 
74, 74S and 74H series T?L logic systems inputs 
and 220V AC loads up to 10A. IN5O60 (4) 


INDICATOR 
25W LOGIC INDICATOR LAMP DRIVER LAMP 


The high surge capability and non-reactive input characteristics 
of the 4N40 allow it to directly couple, without buffers, T? L 
and DTL logic to indicator and alarm devices, without danger 
of introducing noise and logic glitches. 


220VAC 


400V SYMMETRICAL TRANSISTOR COUPLER 


Use of the high voltage PNP portion of the 4N40 provides a 400V transistor 
capable of conducting positive and negative signals with current transfer PUT} 
ratios of over 1%. This function is useful in remote instrumentation, high 
voltage power supplies and test equipment. Care should be taken not to ex- 
ceed the 400 mW power dissipation rating when used at high voltages. 
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FIGURE 13 
COUPLED dv/dt — TEST CIRCUIT 
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GE-MOV® Varistors are voltage dependent resistors which 
perform in a manner similar to back-to-back zener diodes, 
protecting both AC and DC circuits from voltage transients 
due to lightning and inductive kickback. 


MAXIMUM RATINGS 


Storage Temperature ...........-..-- -55°C to 125°C 
Operating Ambient............-... 20000 eee 75°C 
Average Power Dissipation®...............-. 200 mw 


CONTINUOUS PEAK IMPULSE 
CATALOG OPERATING VOLTS CURRENT 


AC Ip (Amps) 


NUMBER 


AC14V 
AC28V 
AC42V 
ACS6V 
AC130V 
AC250V 
DC14V 
DC28V 
DC42V 
DCS6V 


*Derate linearly from full rated value at 75°C to zero at 125°C. 


PERCENT PEAK CURRENT (%) 
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MAXIMUM PEAK VARISTOR VOLTAGE (VOLTS) 


RATED PEAK IMPULSE CURRENT (AMPERES) 
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PEAK VARISTOR CURRENT — AMPERES 
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PEAK CLAMPING VOLTAGE a 


PULSE LIFETIME 


DURATION OF IMPULSE WAVETAIL (SEC) 


AC250V 


TTT T TTT I 
APPLICABLE MODELS 
ACIZ0V 


Lit 4 


A 
1000 20 100 


PULSE LIFETIME 


1000 


DURATION OF IMPULSE WAVETAIL (p SEC ) 


LOW COST GE-MOV® VARISTOR APPLICATIONS 


CONTACT ARCING AND NOISE SUPPRESSION: 

Switch contacts interrupting an inductive load current will 
arc, causing deterioration of the contacts and creating in- 
terference-generating “‘spikes’’ on the power line. In circuits 
where the arc voltage exceeds approximately three times 
the peak of the steady-state voltage (AC rms volts x 1.4), 
this low-cost series of varistors can reduce these problems. 
(This type of arcing is found particularly in circuits having 
steady-state voltages below 120V AC and inductive load 
currents less than a few hundred milliamperes. It should be 
noted that the varistor will prevent only that portion of the 
arc which normally occurs at voltages greater than that 
given on the varistor peak clamping voltage curve.) 


POWER-LINE TRANSIENTS: 

Electrical systems powering electromechanical devices will 
frequently experience very brief and random high-voltage 
transients, largely due to the arcing described above. These 
transients will occasionally reach a voltage level potentially 
damaging to solid-state equipment or motor insulation. 


Applying a low-cost GE-MOV® Varistor to this equipment 
provides economical protection against damage by these 
higher-voltage spikes, by reducing them to a level given by 
the characteristic curves. 


VARISTOR SELECTION: 

The varistor may be reliably used within its steady-state 

voltage ratings, it8 surge current ratings, and the given tem- 

perature limits. 

1. Select the model having the varistor voltage rating (AC 
or DC, as applicable) which is closest to, but higher 
than, the maximum expected steady-state voltage (“high 
line” condition). 


2. Determine the peak impulse current and wavetail dur- 
ation (to one-half peak). Find the varistor’s pulse life- 
time rating. 


3. Find the maximum clamping voltage of the varistor 
from the peak transient current and the characteristic 
curves.? 


DETERMINING PEAK CURRENT AND PULSE WIDTH 

FOR COIL NOISE AND ARC SUPPRESSION: 

1. Peak transient current = maximum load current (i.e., 
100 mA AC RMS has a peak of 141 mA = peak tran- 
sient current. 


2. Applying a small 60 Hz a.c. voltage (va.), to the coil, 
measure the a.c. rms current (i,,). With an ohmmeter, 
measure the DC resistance of the coil (R). The dura- 
tion of the transient current pulse is then determined 
from: 


2 
T<14¥7 (= )-1 , where T is in milliseconds. 


lac 


(Typically, T is less than one-third of that given by 
the above inequality.) 


NOTES: 

1. The catastrophic failure mode of the varistor is inherently to 
fail short-circuited. Failure to an open circuit will occur if suf- 
ficient follow-on current is available. 


2. The criterion for failure is arbitrarily chosen to be a change 
on varistor voltage at 1mA DC in excess of + 10%. Catastro- 
phic failure (to an open or short circuit) may ensue when 
maximum rating values are exceeded. 


3. Upward changes over life of +10% are not included in the max- 
imum volt-ampere characteristic. 
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[ A14B-M SEE PAGE 290 | 


Passivated 
Rectifier 


2.9 Amps 50-100 Volts 


THE GENERAL ELECTRIC A14 IS A 2.5 AMPERE RATED, AXIAL-LEADED 
GENERAL PURPOSE RECTIFIER. DUAL HEATSINK CONSTRUCTION PRO- 
VIDES RIGID MECHANICAL SUPPORT FOR THE PELLET AND EXCELLENT 
THERMAL CHARACTERISTICS. PASSIVATION AND PROTECTION OF THE 
SILICON PELLETS PN JUNCTION ARE PROVIDED BY SOLID GLASS; NO 
ORGANIC MATERIALS ARE PRESENT WITHIN THE HERMETICALLY 
SEALED PACKAGE. 


absolute maximum ratings: (25°C unless otherwise specified) 
Reverse Voltage (—65° Cto+ 175°C T;) A14U A14F A14A 


.150 MAX. 
=| (3.810 Mm.) 


Repetitive Peak, Vinx 25 50 100 Volts aeee 
DC, Vir 25 50 100 Volts 
Average Forward Current, I, sd" aax. 
100° C Ambient ———— 1.0— Amp Chiba (L270Mm.) 
25°C —-——_—— 2.5—~> Amp (25.400Mm.) 

Peak Surge Forward Current | | | pee ai 
Iysu, Non-repetitive DIA. AFTER 
-0083 sec. half sine wave ALL DIMENSIONS ARE IN INCHES 

Full Load JEDEC Method 30 50 50 Amps AND (METRIC) 
No Load (25° Cc Case) 45 65 65 Amps * WELD AND SOLDER FLASH NOT 


CONTROLLED IN THIS AREA 
Peak Surge Forward Current, 


Non-repetitive, .001 sec. OUTLINE DRAWING 
Half sine wave 
Full Load 70 90 90 90 Amps 
No Load (25° C Case) 80 100 100100 Amps 
Junction Operating and Storage 
Temperature Range m—@—65to+175~> °C 
I°t, RMS for fusing, .001 to .01 sec. 2.0 4.0 4.0 Amps? sec. 


Mounting: Any position. Lead Temperature 290° C maximum to 14% inch 
from body for 5 seconds maximum during mounting. 


SE SS OS ET AY NE Ae SHEE Soe eK 


electrical c haracteri stics: (25°C unless otherwise specified) 
Maximum Forward Voltage Drop, Vr, 2.54, 


T, = 25°C 1.25 1.25 1.25 Volt 
Maximum Reverse Current, In, at Rated 
View (rep) : 
T; = 25°C 10 5.0 5.0 pA 
T,; = 175°C 500 300 300 pA 
Typical Reverse Current 
T; = 25°C ———0.3-— pA 
T,; = 100°C ———__ 20-— pA 
Typical Reverse Recovery Time ———— 3 —_+ psec. 


Maximum Reverse Recovery Time —547—-8 —— pec. Recovery circuit per MIL-S-19500/286C. 


| A14F~—s |)» MAXIMUM ALLOWABLE DC OUTPUT CURRENT RATINGS 


A14 SINGLE PHASE 
600 VOLTS & BELOW 


és 3.0 oF 
Al4 SINGLE PHASE HALF | in 
LEAD LENGTH = 3/8 


WAVE RESISTIVE LOAD 
TOTAL THERMAL RESISTANCE Oye 237° c/w 


~_ t 
LEAD LENGTH = 1/2" 
@y-, = 45° C/w 


IA. Raya *60 °C/W 

i HEAVY TIE LUGS OR 

| LARGE COPPER AREA 
PC BOARDS 


n 
° 


B. Raya 70% C/w 
TYPICAL THERMAL LUG 


4 
LEAD LENGTH - 34” 
Oy.. 257° C/w 


ee 


MOUNTING 
C.Reya *80* C/W 


Ip-AVERAGE AMPERES 


| TYPICAL PC BOARD 
MOUNTING SMALL COPPER 
AREA, 


Ip AVERAGE AMPERES 


o 


}-—-—_—}---—-+ TIE POINT OPERATION 

THERMOCOUPLE PLACEO w 

SOLOERED JOINT OF LEAD 

TO EXTERNAL HEAT SINK. 
4. 


AVERAGE FORWARD CURRENT PER CELL-AMPS 


t 30 50 70 90 10 130 150 170 ” oe 30 50 TO 90 WwW 130 150 70 
AMBIENT TEMPERATURE - °C LEAD TEMPERATURE T1 =~ 
AMBIENT OPERATION TIE POINT OPERATION 
(SEE TYPICAL MOUNTING BELOW) 
TYPICAL CHARACTERISTICS 
a0A 
oo 
WA 
5 
6 & 
3 2 
g : 
§ Eu 
¥ 3 
2 : g TYPICAL ThapenaTune 
< COEFFICIENT 
g z 
5 2 
4 100mA 
1 
1 10 wo 
CYCLES AT 6O CYCLES PER SECOND 
lomas 1 2 3 
MAXIMUM NON-REPETITIVE MULTICYCLE FORWARD TEAPERATURE COLFFIGENTS mv/9C 


RU RARD SUnce CURRENT FORWARD CHARACTERISTICS 


TYPICAL TIE LUG MOUNTS TYPICAL PC BOARD MOUNTING 
i a4 1.0" 
£20 WIRE 
PERF BOARD .056 GLASS EPOXY 
PC BOARD 
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Passivated 
Rectifier 


5.0 Amps 50-100 Volts 


THE GENERAL ELECTRIC A15 IS A 5.0 AMPERE RATED, AXIAL-LEADED 


GENERAL PURPOSE RECTIFIER. ITS DUAL HEATSINK CONSTRUCTION 
PROVIDES RIGID MECHANICAL SUPPORT FOR THE PELLET AND EXCEL- 
LENT THERMAL CHARACTERISTICS. PASSIVATION AND PROTECTION OF 


THE SILICON PELLETS PN JUNCTION ARE PROVIDED BY SOLID GLASS; 
NO ORGANIC MATERIALS ARE PRESENT WITHIN THE HERMETICALLY 
SEALED PACKAGE. 


absolute maximum ratings: (25°C unless otherwise specified) OUTLINE DRAWING 
f 
Reverse Voltage (—65 to +175°C T;) i (28.400 wm.) ies 
Repetitive Peak, Varu 25 50 100 Volts i2-tose Mm.) 
DC, VR 25 50 100 Volts a} _, =( Jo 
Average Forward Current, Ip ee ae mae ene 
70°C ambient, see rating curves 3.0 3.0 3.0 Amps Y2Mten. awint 
25°C ambient, see rating curves 5.0 5.0 5.0 Amps Se en ee ee 


Peak Surge Forward Current 
Ipsae ON-repetitive 
.0083 sec half sine wave 
Full load JEDEC method 75 125 125 Amps 
Peak Surge Forward Current 
| Non-repetitive .001 sec 
Half sine wave 


Full load 175°C T; ia 225 225 Amps 
Junction Operating and Storage 

Temperature Range —65 to +175°C 
I?T, RMS for fusing .001 to .01 see — 25 25 Amp?sec 


Mounting: Any position. Lead temperature 290°C maximum to 14” from 
body for 5 seconds maximum during mounting. 


electrical characteristics: (25°C unless otherwise specified) 
Maximum Forward Voltage Drop 


Ip =5.0A, Ty = 25°C 1.2 1.1 1.1. Volts 
Maximum Reverse Current, Ip 
at rated VR 
T; = 25°C 10.0 5.0 5.0 pA 
T; =175°C 500 300 300 pA 
Typical Ip at 25°C 2.0 1.0 1.0 pA 
Typical Reverse Recovery Time, Tr; 2.5 2.5 psec 
Maximum Reverse Recovery Time, Tr 5.0 5.0 psec 


Recovery Circuit Per MIL-S-19500/286C 
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CIRCUIT DESIGN INFORMATION 


MAXIMUM ALLOWABLE DC OUTPUT CURRENT RATINGS 
SINGLE PHASE, RESISTIVE AND INDUCTIVE LOADS 


50 nm 90 ihe) 


SMBIENT TEMPERATURE DEG. C 


AMBIENT OPERATION 


(See Tie Point Mounting Below) 


100.0 


10.0 


° 


INSTANTANEOUS FORWARD CURRENT - AMPERES 


Ole 


0.01 


2.0 


INSTANTANEOUS FOWARD VOLTAGE-VOLTS 


FORWARD 
CHARACTERISTICS 


TYPICAL TIE LUG MOUNTS 


20 WIRE 


PERF BOARD 


TYPICAL CHARACTERISTICS 


INSTANTANEOUS REVERSE CURRENT-MICROAMPS 
8 


100 200 300 400 
INSTANTANEOUS REVERSE 
VOLTAGE-VOLTS 


REVERSE 
CHARACTERISTICS 


TYPICAL PC BOARD MOUNTING 


1.0" 


: O86 GLASS EPOXY 


PC BOARD 
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PEAK FORWARD SURGE CURRENT - AMPERES 


ra | T 
60 wae 
LEAD LENGTH = 3/6" 
Rest =20° c/w 
AL, RESIST 
P) I. TOTAL THERMAL RESISTANCE § 50 
- 50° 
3 Rosa” S°C/ Warr - LEAD LENGTH = |/2" 
# a0 TYPICAL TIE LUG MOUNTING 3 Raye +25" c/w 
0 b 
Fi 2. TOTAL THERMAL RESISTANCE 5 oe | { 
8 Roya” €9°C/ WATT e LEAD LENGTH # 3/4" | 
g TYPICAL PC BOARD sAQUNTING $ Res «30° c/w 
i B 30 { i 
uw i ‘ 
ag ¢ 20/— | | 
3 ° 
a 2 
a 
10 TIE POINT OPERATION L 
. THERMOCOUPLE PLACED IN 
SOLDERED JOINT OF LEAD 
TO EXTERNAL HEAT SINK. 
° 1. 
ol} E") 50 70 30 10 130 150 170 


TIE POINT TEMPERATURE- °C 


TIE POINT OPERATION 


CYCLES AT 60 CYCLES PER SECOND 


MAXIMUM NON-REPETITIVE 
MULTICYCLE FORWARD SURGE 


CURRENT 
100, — 
90] - 
80} 
70) + +—+ 
60] 4 
$0) 
8 f=) MHe | 
= 40 + + 
8 
a 
" 
Z sot 
= 
3 
a 
& 
e 
20-—+ t+ + 


1025-30-45 80 60708090100 
PEAK REVERSE VOLTAGE — DC VOLTS 


JUNCTION CAPACITANCE 


A27 SERIES SEE PAGE 278 | 


Rectifier A28 9* 


12A AVG. = Varm Up to 400V *Reverse polarity type 


Features: 
@ Fast Recovery Time... 100 Nanoseconds Maximum 
e@ Recovered Charge Characteristics Shown on Charts 1,2,and3 


e The Fast Recovery Characteristics of the A28/A29 Match the High 
Frequency Capability of the New General Electric High Speed SCR’s, 
such as the C140 and C141. 


e For Usein: 
— Inverters — Sonar Power Supplies 
— Choppers — Ultrasonic Systems 
— Low RF Interference Applications 
— Free Wheeling Rectifier Applications 
—DC To DC Power Supplies 


maximum allowable ratings (Resistive or Inductive Load) 
A28F A28A A28B A28C A28D 


Maximum Repetitive and Working Peak Reverse Voltage’, A29F A29A = A296 A29C 228 


Vinw and Vawm, Ty = —65°C to +175°C 2... cee eee 50 100 200 300 400 Volts 
Maximum RMS Voltage*, T; = —65°C to +175°C, V,.......... 35 70 140 210 280 Volts 
Maximum DC Blocking Voltage**, T,; = —65°C to +125°C, Vr.. 50 100 200 300 400 Volts 
Maximum Average Forward Current (Single Phase, T,, — 

AL SOS Cy, 216 valet Bchete Bile des fansea ctl serie Sted the Lok Maen 12 Amperes ——-———_> 
Maximum Peak One CycleSurge Current, 60 Cycle Non-Recurrent, 

T; = —65°C to +17B5°C, Tess - 05. ce cece cee eae 240 Amperes 
I*t Rating (.001 <t<.008 second), T; = —65°C to +175°C...... ~—67 Ampere? second Min. Rating—~- | 
Maximum Full Load Forward Voltage Drop, Single Phase Full 

Cycle Average, I,, = 12 Amp. at T,. = +135°C, Vevayy... eee ee 0.7 Volts 
Maximum Reverse Current at Full Load, Single Phase Full Cycle 

Average, I, =12 Amp. at Ty = +135°C, Tnyavys. eee ee eee 8.0 mA 


2.0°C/W 
Junction Operating and Storage Temperature Range, T; & Tre. . —65°C to +175°C 
Reverse Recovery Time (see reverse side) ***, t.........0.0000 100 Nanosec. Max. 
Silid: COPOUCr 2 e500 ated tad jo¥ ogc the suce hw Sasa Sata ieee awes +—AM in. 15 in-lbs. ; Max. 20 in-lbs.——~ 
(Min. 17 Kg-em; Max. 23 Kg-em) 


Maximum Effective Thermal Resistance (Junction to Case) Rus 


*Rating assumes rectifier heatsink < 3°C/W at max. T;. If max. operating T; < 150°C, rectifier heatsink can be < 6°C/W. 
**Rating assumes rectifier heatsink < 6°C/W at max. T). 


***Recovery characteristic factory test point: 
Tru = 5.0 Amp.; di/dt = 50 Amp./usec; Tc = +25°C; t-, = 100 nanoseconds max.; Ix (recovery) = 4.0 Amperes max. 


NOTE: Case Temperature, T«, is measured at the center of any flat on the hex base. 
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RECOVERY SPECIFICATIONS AND INFORMATION 


In most power circuits where the rectifier reverse loop L/R is large, the A28/A29 recovery characteristics 
are essentially as shown below: 
di/dtzViy/L FOR APPLICATION IN WHICH A28/A291IS 


USED AS A"FREE WHEELING RECTIFIER AS FOR 
EXAMPLE IN A DC CHOPPER CIRCUIT. 


CIRCUIT 
SCR L INDUCTANCE 
LUMPED 
Vin= A28 LOAD 


di/dte2rtplpyy WHEN A28/A29 IS USED IN RECTIFIER 
CIRCUITS WITH SINUSOIDAL INPUT VOLTAGES 
AND RESISTIVE LOADS. 


From the curves of recovered charge, Q, (Charts 1, 2, 3), recovery time and peak recovery current (as 
defined above) may be very closely approximated using the following formulas if the application, Ix 
(recovery), di/dt, and A28/A29 operating junction temperatures are known. 


Ip (recovery) = V2 Qrz di/dt Pes =i 2 Qr 


NOTE: At high values of di/dt, reverse voltage transients may be generated that will destroy the A28/A29 especially with 
high values of Ivm and T,. In these cases R-C suppression should be connected across the A28/A29. 


10 -y 10 W z % 
SSS SSE 
=| a ial 
[| Tye 25°C [| Ty= 100°C 

} if | boa 208 
: ; 
2 lo = BoA] = == + pa 
fay 
g * oo arr 
3 : HH ae 
z z 
‘ Hem = 5A ; 

t = ao : 
| [T Ae mee 
4. THT 

(ll | 0.01 L 

0.01 itij 0 to 1000 


ike} 10 
di/dt IN AMP/us 
di/dt IN AMP/us 


1. Recovered Charge Curves (T; = +25°C) 2. Recovered Change Cunves:(Ty=<-100°0) 


Jr) 
‘ Ty 175°C 


3 Tox 
g 10 
: — oo oo Thi 
=z 
z 
4 

H 
; | 
o 
8 
id 
5 Ol 
g 
2 


b-——+4 + +4 
wel] TTD TTT TTT 


di/dt IN AMP/ya 


8. Recovered Charge Curves (T; = +175°C) 
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rp -INSTANTANEOUS FORWARD VOLTAGE -VOLTS 


4, Maximum Forward Characteristics 


Priavy FORWARD POWER DISSIPATION-WATTS 


° ets, eee ee 
fe 2 4 6 8 10 2 4 16 18 20 


t Flav) AVERAGE FORWARD CURRENT~AMPERES 


5. Average Forward Power as a Function of 


Average Forward Current (T; = +175°C) 
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17S z 
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Ed bc FJ 40 ae a 
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rc 
06 pot | Pal eer peal aa p | 
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Tray) AVERAGE FORWARD CURRENT—AMPERES 


6. Current Rating vs. Case 
Temperature Curves 


7. Non-Recurrent Multi-Cycle 
Surge Forward Current 


3 


8 


a 
° 
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Ty- FORWARD SURGE CURRENT-AMPERES RMS 


80 +. —| 
40 | 
fp + + 
° oe 1 Lt 
° t 2 3 4 5 6 ? 8 9 


CURRENT PULSE DURATION-MILLISECONDS 


8. Non-Recurrent Sub-Cycle 
Surge Forward Current 
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35 7 r 16 m | 
pt Be T NOTES: (I) FIN EMISSIVITY 2 30% 
2) MIN. FIN SPACING«0.5° 
20 aes a a \3) DEVICE MOUNTED AT CEN- 
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i 13 ka) FIN MOUNTED VERTICALLY 
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PEAK SQUARE WAVE FORWARD POWER “ON" TIME-SECONDS 


19) 10 20 30 40 50 60 70 80 90 100 IIO 120 130 140 150 6O 170 180 
Ty -AMBIENT TEMPERATURE —°C 


9. DC Transient Thermal Impedance, 
Junction to Heatsink 


INSULATING HARDWARE 


KIT * 
H 
@ 


D © ® 
O78 080 R 


DIA. 
@ COPPER TERMINAL, OI6 
THICK, TIN PLATED 


@ BRASS WASHER,.035 THICK 
NICKEL PLATED 


@ MICA WASHERS, TWO, .625 
0.D., .204 1.0., 005 THICK 


@) TEFLON WASHER,.270 0.D. 
.204 1.D.,.050 THICK 


*® AVAILABLE UPON REQUEST 


10. Current Rating as a Function of ; 
Ambient Air Temperature for Device 
Mounted on 5” x 5” x .050” Copper Fin 


OUTLINE DRAWING 


DIRECTION OF EASY CONVENTIONAL 
CURRENT FLOW A28 


O @ 


at 4 Lf® 
| F > 
my 
| |aNove 
© 10-32 STEEL NUT F | | 
CADMIUMPLATED | ~ i ; L 
@ LOCKWASHER, rN oe A | AE 
CADMIUM PLATED L 
STEEL nin ey 
COMPLIES WITH 
EIA REGISTERED OUTLINE DO-4 


NOTES: 


1. Angular orientation of this terminal is undefined. 


2. 10-82 UNF-2A. Maximum pitch diameter of plated threads shall be basic 


pitch diameter (.1697”, 4.29 MM) Ref. (Screw thread standards for Federal 
Services 1957) Handbook H28 1957 P1. 
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Silicon A44F,.M | 
Rectifiers | A45F.M 


A40 SERIES SEE PAGE 230 
A70 SERIES SEE PAGE 234 


General Electric has designed this 20 Ampere rectifier specifically for the light industrial and consumer 
low ambient temperature applications. The design utilizes the smallest practical size for the rating with 
particular attention to rigidity and rugged construction. The solid one-piece terminal provides good 
mechanical] strength, and minimizes breakage problems. 


¢ High Surge Current Capabilities (Up to 300 Amperes) 
© One-Piece Terminal 

© Reverse Polarity Devices Available 

¢ Small Size 


’ OUTLINE DRAWING 


DIRECTION OF EASY CONVENTIONAL CURRENT 
{FORWARD POLARITY DEVICES) 


RATINGS AND CHARACTERISTICS (Single Phase Resistive Load) _ 
Forward Polarity A44F A44A A44B A440 A44D A44E A44M 
Reverse Polarity A45F A45A A45B A45C A45D A45E A45M 


Max. Peak Reverse Voltage 50 100 200 300 400 500 600 volts 
Max. Continuous D-C Reverse Voltage 50 100 200 300 400 500 600 volts 
Max. Sine Wave RMS Voltage 35 70 140 210 280 350 420 volts 
Max. Avg. D-C Forward Current 

At 110°C Case <—_—_————- 20 amps ——______"_»> 

At 150°C Case <—__—_—_———_—_—— 15 amps ——-—____—_—_—__»> 
Peak One-cycle Forward Surge Current 

(60 cps, T; = 25°C) —_\_————- 300 amps ————————> 
I*t Rating for Fusing or Capacitor Inrush <—__————_ 100 amp? sec ——-—______» 
Max. Forward Voltage at 20 Amps D-C 

Forward Current (T; = 25°C) <—_—_—_—_-—_\_—_ 1.2 volts —________» 
Max. Avg. Forward Voltage Drop 

(15 amps d-c single phase, T; = 150°C) <_—_———__—- 01..75 volts ——_—_—_______»> 
Max. Reverse Current at Rated D-C Reverse 

Voltage (T; = 25°C) <—_ ——_————_ 1.0 ma —_____"_»> 
Max. Full Load Reverse Current (full cycle avg., 

single phase, T; = 150°C) 10 9 8 6 5 4.5 4.0 ma 
Typical Thermal Resistance (junction to case) << 1.5°C/watt ——_—————_> 
Operating Junction Temperature Range <—\—— — 65°C to +175°C —————_> 
Storage Temperature Range <———- — 65°C to + 175°C ————_—__» 


RECOMMENDED MOUNTING PROCEDURE FOR PRESS-FITTING IN A HEATSINK 


When press-fitting these diodes into a heatsink, the following specifications and recommendations apply. 

. The heatsink thickness should be at least 1”. 

. The hole diameter into which the diode is pressed should be 0.4975 + .001 inches. A slight chamfer of the hole should be used. 
. The entire knurled section of the diode should be in contact with the heatsink to insure maximum heat removal. 


. The diode insertion force should not exceed 800 pounds. This force should be uniformly applied to the top face of the diode within an annular 
ring of diameter .44 + .05 inches. 
5. The thermal resistance between the diode case and the heatsink will not exceed 0.5°C/W if the diode is installed in the manner described above. 
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MAXIMUM ALLOWABLE CASE TEMPERATURE -°C 


INSTANTANEOUS LEAKAGE CURRENT- MA 


ce] 4 


8 12 16 20 24 


AVERAGE FORWARD CURRENT- AMPERES 


1. SINGLE PHASE AND THREE PHASE CURRENT RATING 


AS A FUNCTION OF STUD TEMPERATURE 


50 PR 
iil Aath A.AaBA 


100 


oe 


200 300 400 500 
INSTANTANEOUS REVERSE VOLTAGE - VOLTS 


3. TYPICAL REVERSE CHARACTERISTICS (T;= 175°C) 
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INSTANTANEOUS FORWARD CURRENT -AMPERES 


INSTANTANEOUS FORWARD VOLTAGE - VOLTS 


2. TYPICAL FORWARD CHARACTERISTICS 


ANS 


Be NNNSSE Ee 
MASCRICL 
AN KAPRE 


eee aaa 
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ere Gho a 


9 2 4 6 8 10 lz 4 16 16 20 
AVERAGE FORWARD CURRENT - AMPERES DC 


4. HALFWAVE CAPACITIVE LOAD RATING 


Fast Recovery Rectifier 


2.0 Amps 50-100 Volts 


THE GENERAL ELECTRIC A114 IS A 2.0 AMPERE, AXIAL LEADED, FAST 
RECOVERY RECTIFIER. DUAL HEATSINK CONSTRUCTION PROVIDES 
RIGID MECHANICAL SUPPORT FOR THE PELLET AND EXCELLENT THER- 
MAL CHARACTERISTICS. PASSIVATION AND PROTECTION OF THE PN 
JUNCTION OF THE SILICON PELLET ARE PROVIDED BY SOLID GLASS; 
NO ORGANIC MATERIALS ARE PRESENT WITHIN THE HERMETICALLY. 
SEALED PACKAGE. sae 
—+(3.810Mm. 
| F 


180 MAX. 
(4.572 Mm.) 


absolute maximum ratin QS: (25°C unless otherwise specified) 
A114F A114A 


Reverse Voltage (—65°C to +150°C, T;) Baa an: 
Working Peak, Vawy 50 100 ~=Volts (.270Mm.) 
Repetitive Peak, Varu 50 100 ~=~Volts (25. 
erage oe ee 

Average Forward Current, Io DIA. AFTER 
75°C ambient (see Rating Curves) + 1.00—~.» Amperes ne 
25°C «—2,0—+» Amperes ALL OME NBIONS ANE IN INCHES 

Peak Surge Forward Current, Ipsy bi taki mn 
Non-rep., .0083 sec., half sine wave, 

Full load JEDEC method + 40——>__ Amperes OUTLINE DRAWING 
Non-rep., .001 sec., half sine wave, 
Full load @ +150°C, T; + 85——~> Amperes 

I*t (for fusing), RMS 
-001 to .01 seconds a 3.5 —e Amp’secs. 

Junction Temperature Range 
Operating, T; —65°C to + 150°C 
Storage, T sre — 65°C to +175°C 

Mounting: Any position. Lead temperature 290°C max. to 44” from body 
for 5 seconds max. during mounting. 
electrical characteristics: (25°C unless otherwise specified) 
Maximum Forward Voltage Drop, Vr 
Ipy =1.0A, T; = +25°C a 1.1—+ Volts 
Maximum Reverse Current, Igy @ rated Vix 
T; = +25°C 5 5 Microamps. 
T; = +150°C 500 500 Microamps. 
Typical Reverse Recovery Time, t,, =a 140—e Nanosecs. 
Maximum Reverse Recovery Time, t,; <= 200—e Nanosecs. 
Recovery circuit per MIL-S-19500/286C. 
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CIRCUIT DESIGN INFORMATION 


A114A MAXIMUM ALLOWABLE DC OUTPUT CURRENT RATINGS 
A114F SINGLE PHASE, RESISTIVE AND INDUCTIVE LOADS 
i [aia See eSlaTIVE Tahoe = 7 i All4-TIE POINT OPERATION 
TOTAL THERMAL RESISTANCE + } L Balasore 
. Oy.47 60° LEAD LENGTH = 3/8" 
20 Te | Ay ue mee OR LARGE 2.0 L 37° c/w 422 oxTeRNAL wear se 
Ip COPPER AREA PC BOARD. ii 
+ + + 2. Qy-a= 70° C/W Cie w 
TYPICAL THERMINAL LUG LEAD LENGTH «(/2 
+ MOUNTING. Oy... = 45° C/W = 
g ! | 3. @).,280° C/W rd 
w TYPICAL PC BOARD = | 4 
= MOUNTING SMALL COPPER a LEAD LENGTH = 3/4” 
. AREA. _ 3 8)-, 257° c/w + + 
g w 
e190 4 10 + + 4 
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Fast Recovery Rectifier 


2.0 Amps 


aa 
THE GENERAL ELECTRIC A114 IS A 2.0 AMPERE, AXIAL-LEADED, FAST 


A114B 


200-600 Volts 


RECOVERY RECTIFIER. DUAL HEATSINK CONSTRUCTION PROVIDES 
RIGID MECHANICAL SUPPORT FOR THE PELLET AND EXCELLENT THER- 
MAL CHARACTERISTICS. PASSIVATION AND PROTECTION OF THE PN 
JUNCTION OF THE SILICON PELLET ARE PROVIDED BY SOLID GLASS; 
NO ORGANIC MATERIALS ARE PRESENT WITHIN THE HERMETICALLY- 


SEALED PACKAGE. 


absolute maximum rati NQS: (25°C unless otherwise specified) 


Reverse Voltage (—65°C to +150°C, T;) 
Working Peak, Vawu 
Repetitive Peak, Vrru 
DC, Vr 
Average Forward Current, I, 
75°C ambient (see Rating Curves) 
25°C au st 
Peak Surge Forward Current, Irs 
Non-rep., .0083 sec., half sine wave, 
Full load JEDEC method 
Non-rep., .001 sec., half sine wave, 
Full load @ +150°C, T; 
I°t (for fusing), RMS 
.001 to .01 seconds 
Junction Temperature Range 
Operating, T; 
Storage, T src 


A114B = =A114C A114D A114E A114M 
200 300 400 500 600 «Volts 
200 300 400 500 600 Volts 
200 300 400 500 600 Volts 


<< 1.0 —_________—_—-» Amperes 
——_—___—_—— 2.0 —__—___ Amperes 
——___—__—_- 40 —_—______—_——> Amperes 
—_———_____—__- 85 —______—_____—_» Amperes 
—_——__—_—_—_—- 3.5 ——__—__—— Amp’secs. 


«——_—_ — 65°C to + 150°C ——_—_-___—__+ 
«—_——- — 65°C to +175°C ——_—___—____> 


Mounting: Any position. Lead temperature 290°C max. to 1” from body for 5 seconds max. during 


mounting. 


electrical characteristics: (25°C unless otherwise specified) 


Maximum Forward Voltage Drop, Vix 
Ip = 1.0A, Ty = +25°C 
Maximum Reverse Current, Ixy, @ rated Vix 
T; = +25°C 
T; = +150°C 
Typical Ip @ 25°C 
Typical Reverse Recovery Time, t,, 
Maximum Reverse Recovery Time, t,, 


Recovery circuit per MIL-S-19500/286C. 


1.1 ———___ Volts 


5 5 5 5 5  Microamps. 
300 300 300 200 200 Microamps. 
1 1 1 ] 1 Microamps. 


<____—_____—_ 140 ____________» Nanosecs. 
<—_—_____—_ 200 —____—__—__» Nanosecs. 
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CIRCUIT DESIGN INFORMATION 
MAXIMUM ALLOWABLE DC OUTPUT CURRENT RATINGS 
SINGLE PHASE, RESISTIVE AND INDUCTIVE LOADS 


T —~——F T 
AlI4 SINGLE PHASE HALF WAVE [ T All4~TIE POINT OPERATION 
| RESISTIVE LOAD { __| THERMOCOUPLE PLACED IN 
TOTAL THERMAL RESISTANCE + + +—+ SOLDERED JOIN? OF LEAD 
|. @y.q260* C/w LEAD LENGTH » 3/8" TO EXTERNAL HEAT SINK, 
HEAVY TIE LUGS OR LARGE 20 
COPPER AREA PC BOARD. 
—+—+ 2, @y-4t 70" C/w 
TYPICAL THERMINAL LUG 
MOUNTING. 
w” 
iB 3. @).4280° C/w g 
ig TYPICAL PC BOARD Fa 
= a 
< z 
3 
< 3 
« ¢ Lo 
a ¥ 
1 <a 
° 1 
re ° 
tal 
+ 4 
6 30 50 70 90 110 130 150 170 - “30 50 70 30 10 130 150 
AMBIENT TEMPERATURE ~ °c TIE POINT TEMPERATURE - °C 
AMBIENT OPERATION TIE POINT OPERATION 


CAPACITIVE LOADS 


Current Derating (capacitive load) 


Average forward current as specified under maximum ratings, page 1, 

and derating curves for high temperature operation, above, must be FORWARD 
corrected for applications with capacitive loads. As the current conduc- CURRENT 
tion angle, a’, is decreased, the peak current required to maintain the 
same average current increases, i.e., the peak-to-average current ratio 
increases from 3.14. Figure 3 gives the derating required based on 
this increase in peak to average current ratio for sine wave operation. 
For more complete information consult Application Note 200.30. @ = CONDUCTION ANGLE (180°) 


METHOD: 1. Determine conduction angle a’ in degrees for particular @'= SHORTENED CONDUCTION ANGLE 
cireuit as designed. 

2. Enter Figure 8 for the particular conduction angle and OSCILLOSCOPE PRESENTATION 

read corresponding percent of forward current per cell. 

3. Multiply this value times average forward current for 


resistive load from figures 1 and 2 as given for the 00h 
actual ambient or tie point temperature required. 
90 = 
See Typical Examples Below : 
B80 + 
j TYPICAL EXAMPLES (25°C Ambient Temperature) Ex bet | 
er rer [rer Prer foe | TT 
Conduction Angle (a) 170 110 130 70 | Degrees 5 s0}-—+ 4+—} +—+—+ 
Rated Average Current Amp. : 
(Resistive Load) 40F 1 7 
% of Average Current % 


oo 26 30 40 50 60 70 80 90 100 [10 120 130 140 150 160 170 180 


FORWARD CONDUCTION ANGLE IN DEGREES-a@ 


DERATING FOR SHORTENED 
CONDUCTION ANGLE 


Rated Average Current 


Amps. 
(Capacitive Load) 
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INSTANTANEOUS FORWARD CURRENT -AMPERES 


TYPICAL CHARACTERISTICS 


INSTANTANEOUS REVERSE CURRENT — MICROAMPERES 


0,08 


FORWARD CHARACTERISTICS 


PEAK FORWARD SURGE CURRENT -AMPERES 


’ Led 100 
CYCLES AT 60 CYCLES PER SECOND 


MAXIMUM NON-REPETITIVE 
MULTICYCLE FORWARD SURGE 
CURRENT 


TYPICAL TIE LUG MOUNTS 


20 WIRE 
PERF BOARD 
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ae ae 
O02 04 06 08 10 (2 14 16 16 20 22 2426 24 30 + 
INSTANTANEOUS FORWARD VOLTAGE - VOLTS: 
Ot 


__—_L. 
109 200 300 400 800 600 700 
INSTANTANEOUS REVERSE VOLTAGE - VOLTS 


REVERSE CHARACTERISTICS 


Cy — CAPACITANCE —PICOFARADS 


o 0 2 30 4 8 606 TO 80 90 100 
OC REVERSE VOLTAGE - VOLTS 


JUNCTION CAPACITANCE 


TYPICAL PC BOARD MOUNTING 


0" 


= GLASS EPOXY 


PC BOARD 


@3-a~ THERMAL RESISTANCE -°C/WATT 


n 
°o 


LEAD LENGTH - INCHES 


STEADY STATE THERMAL RESISTANCE 


Marking band to appear 
on cathode end. 


.ISO MAX. 
5 (3.810 Mm.) 


180 MAX. 
(4.572 Mm.) 


.O50"MAX. 
L270Mm.) 
Lomin, — {L270Mm 


(28.400Mm.) 
O35 MAX. 
(.889 Mm.) 


DIA. AFTER 
TINNING 


ALL DIMENTIONS ARE IN INCHES 
AND (METRIC) 
* WELD AND SOLDER FLASH NOT 
CONTROLLED IN THIS AREA 


OUTLINE DRAWING 
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Peeeeeeser 
5760 


INFINITE HEATSINK 
TYPICAL 


Fast Recovery Rectifier nea 
ANF 
5.0 Amps 50-100 Volts 


THE GENERAL ELECTRIC A115 IS A 5.0 AMPERE, AXIAL-LEADED, FAST 
RECOVERY RECTIFIER. DUAL HEATSINK CONSTRUCTION PROVIDES 


RIGID MECHANICAL SUPPORT FOR THE PELLET AND EXCELLENT THER- 
MAL CHARACTERISTICS. PASSIVATION AND PROTECTION OF THE PN 
JUNCTION OF THE SILICON PELLET ARE PROVIDED BY SOLID GLASS; 
NO ORGANIC MATERIALS ARE PRESENT WITHIN THE HERMETICALLY- 
SEALED PACKAGE. 


absolute maximum ratin QS: (25°C unless otherwise specified) Peet eu 
.O83 MIN. 
(2.1082 Mm.) Tl CREME 1 
A115F A115A i} ta | ee 
Reverse Voltage (—65°C to +150°C, T,) fo eae) 
Repetitive,Peak, Vaam 50 LOO} <WoOrte: 2 iseesuat 
DC, Vr 50 100 Volts ALL DIMENSIONS ARE IN INCHES AND (METRIC) 
Average Forward Current, I, 
55°C ambient (see Rating Curves) ——- 3.0 ___, Amperes 
25°C ambient (see Rating Curves) —_—— 5.0 ——_» Amperes 


Peak Surge Forward Current, Irsy 
| Non-rep., .0083 sec., half sine wave, 


| Full load JEDEC method ——_ 110 ___, Amperes 
| Non-rep., .001 sec., half sine wave, 
Full load @ +150°C, T, e— 200 —_-__, Amperes 
I2t (for fusing), RMS 
.001 to .01 seconds e—- 20.0 ____.,, Amp? secs. 
Junction Temperature Range 
Operating, T, —65°C to +150°C 
Storage, Tste —65°C to +175°C 


Mounting: Any position. Lead temperature 290°C max.. to 1/8’ from body for 5 
seconds max. during mounting. 


me ee es ee me ee ee 
SS A ES SS SY Se 


electrical characteristics: 


Maximum Forward Voltage Drop, Vpy 


Tem =5.0A, Ty = +25°C iti Melis. - Volts 
Maximum Reverse Current, Igy @ rated Vam ; 

Ty = +25°C 5 5 Microamps. 

Ty = +150°C 500 500 Microamps. 
Typical Reverse Recovery Time, t, -—— 140 —__, Nanosecs. 
Maximum Reverse Recovery Time, t,, —— 200, —_— Nanosecs. 


Recovery circuit per MIL-S-19500/286C. 
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I, ~ AVERAGE FORWARD CURRENT - AMPERES 


CIRCUIT DESIGN INFORMATION 
MAXIMUM ALLOWABLE DC OUTPUT CURRENT RATINGS 


SINGLE PHASE, RESISTIVE AND INDUCTIVE LOADS 


5.0 


2.5 ] | 


& 50°C/ WATT 


ARe, 


2.0 MOUNTING 


8. Rear 65° C/WATT 


MOUNTING 


TYPICAL TERMINAL LUG 


TYPICAL PC BOARD 


3.0 


SINGLE - PHASE, HALF - WAVE 
RESISTIVE LOAD-TIE POINT 
TEMPERATURE MEASURED 

2.0;— BY PLACING THERMOCOUPLE 
IN SOLOER JOINT OF LEAD 
TO EXTERNAL HEAT SINK 


0.5 


0 30 50 70 90 110 
AMBIENT TEMPERATURE -~ °C 
1. AMBIENT OPERATION 


100.0 f E 
{ {| } | rypie, 25°C 
~ |AXIMUM 
L za r | a 
10.0 
n 
uu 
4 
Ww 
a ee eam 
= 
< |_| | 
‘ 
Ped 
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WwW 
ax 
4 
3 19 = 
f : 
sf f : 
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. 
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g 
L 
Pas 
a 
bh Of 
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: = 
TH 
}. 4 4 


0.01 


am 
0.2 0406 08 10 1.2 14 16 L8 2.0 
INSTANTANEOUS FORWARD VOLTAGE -VOLTS 


FORWARD CHARACTERISTICS 


++ 


PEAK FORWARD SURGE CURRENT- AMPS 


CYCLES AT 60 CYCLES PER SECOND 


MAXIMUM NON-REPETITIVE 
MULTICYCLE FORWARD 
SURGE CURRENT 


Ig AVERAGE FORWARD CURRENT — AMPERES 


130 150 ° 30 50 70 90 lo 
TIE POINT TEMPERATURE — °C 


2. TIE POINT OPERATION 


TYPICAL CHARACTERISTICS 
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10 20 30 40 50 60°70 66 90 100 
PEAK REVERSE VOLTAGE ~ 0C VOLTS 


100 200 300 
INSTANTANEOUS REVERSE 
VOLTAGE — VOLTS 


400 


REVERSE JUNCTION 
CHARACTERISTICS CAPACITANCE 
1.0" 


#20 WIRE 


PERF BOARD O56 GLASS EPOXY 


PC BOARD 


TYPICAL TIE LUG MOUNTS TYPICAL PC BOARD MOUNTING 
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Fast Recovery Rectifier | ANB 


9.0 Amps 200-600 Volts ANSE 


THE GENERAL ELECTRIC A115 IS A 5.0 AMPERE, AXIAL-LEADED, FAST 
RECOVERY RECTIFIER. DUAL HEATSINK CONSTRUCTION PROVIDES 
RIGID MECHANICAL SUPPORT FOR THE PELLET AND EXCELLENT THER- 
MAL CHARACTERISTICS. PASSIVATION AND PROTECTION OF THE PN 
JUNCTION OF THE SILICON PELLET ARE PROVIDED BY SOLID GLASS; 
NO ORGANIC MATERIALS ARE PRESENT WITHIN THE HERMETICALLY- 
SEALED PACKAGE. 


absolute maximum ratings: (25°C unless otherwise specified) 
A115B A115C A115D A115E A115M 


Reverse Voltage (—65°C to +150°C, T,) 


Repetitive Peak, Varm 200 300 400 500 600 Volts 
DC, Va 200 300 400 500 600 Volts 
Average Forward Current, Ip 
55°C ambient (see Rating Curves) 3.0 —___ 7 Ampere 
25°C ambient (see Rating Curves) ————_____ 5.0 __ ss Ampere 
Peak Surge Forward Current, I¢sy 
Non-rep., .0083 sec., half sine wave, 
Full load JEDEC method —_—_———_———__ 110 ———_——_____,,_ Amperes 
Non-rep., .001 sec. half sine wave, 
Full load @ +150°C, T, —_————_———_ 200 —__———=e:—C*«‘C«*AFA—rm peers 
I?t (for fusing), RMS 
.OO1 to .01 seconds — 20.0 Amp? secs, 
Junction Temperature Range 
Operating, T, —————__ —- 65°C to +150°C ——___, 
Storage, Tste ————___—. — 65°C to +175°C reer 


Mounting: Any position. Lead temperature 290°C max. to 1/8? from body for 5 seconds max. during mounting. 


electrical characteristics: (25°C unless otherwise specified) 


Maximum Forward Voltage Drop, Vey 
Tem =5.0A, Ta = 425°C 
Maximum Reverse Current, Inu @ rated Van 


ga ee Vt 


T, =+25°C 5 5 5 5 5 Microamps. 
T, =+150°C 300 300 300 200 200 Microamps. 
Typical Reverse Recovery Time, t,, (140 s—sSEE Ss Naas. 


Maximum Reverse Recovery Time, t,, 
Recovery circuit per MIL-S-19500/286 C 


‘ 200 Nanos. 


565 


2.5 


CIRCUIT DESIGN INFORMATION 


MAXIMUM ALLOWABLE DC OUTPUT CURRENT RATINGS 
SINGLE PHASE, RESISTIVE AND INDUCTIVE LOADS 


5.0 


lena | 
wo 
uw A.Rg js 50°C/WATT 2 
Wy] TYPICAL TERMINAL LUG id 
= 20 T MOUNTING wi 4-0 7 1 
= B. Rg ,7 65° C/WATT 5 
5 TYPICAL PC BOARD , 
rf MOUNTING E 
© 1.5 Fe 3.0 + 
oO iq 
2 3 SINGLE - PHASE, HALF - WAVE 
& a RESISTIVE LOAD—TIE POINT 
= 4 TEMPERATURE MEASURED 
S§ 1.0 $ 20}—ByY PLACING THERMOCOUPLE 
2 & IN SOLDER JOINT OF LEAD 
w 2 TO EXTERNAL HEAT SINK 
a 8 
i ee iallts 
2 0.54 f- wi to + 
\ z 
[o) ! 
2 
fo} 1 am re) 1 
fo) 30 50 70 90 110 130 150 ) 30 50 70 20 110 130 150 
AMBIENT TEMPERATURE- °c TIE POINT TEMPERATURE ~ °C 
AMBIENT OPERATION TIE POINT OPERATION 


CAPACITIVE LOADS 


Current Derating (capacitive load) 


Average forward current as specified under maximum ratings, page 1, 
and derating curves for high temperature operation, above, must be 
corrected for applications with capacitive loads. As the current conduc- 
tion angle, a’, is decreased, the peak current required to maintain the 
same average current increases, i.e., the peak-to-average current ratio 
increases from 3.14. Figure 3 gives the derating required based on 
this increase in peak to average current ratio for sine wave operation. 
For more complete information consult Application Note 200.30. 


METHOD: 1. Determine conduction angle a’ in degrees for particular @ = CONDUCTION ANGLE (180°) 
circuit as designed. ‘ 
2. Enter Figure 3 for the particular conduction angle and A= SHORTENED CONDUCTION ANGLE 
read corresponding percent of forward current per cell. 
3. Multiply this value times average forward current for OSCILLOSCOPE PRESENTATION 
resistive load from igures 1 and 2 as given for the 
actual ambient or tiepoint temperature required. 


FORWARD 
CURRENT 


See Typical Examples Below 


100 


TYPICAL EXAMPLES (25°C Ambient Temperature) 


PERCENT OF AVERAGE FORWARD CURRENT 


Conduction Angle («) 110 
Rated Average Current 
(Resistive Load) 
% of Average Current : : 0.92 | 0.73 
Rated Average Current . 2 2.8 2.2 
(Capacitive Load) 


1 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 


FORWARD CONDUCTION ANGLE IN DEGREES-a@ 


566 DERATING FOR SHORTENED CONDUCTION ANGLE 


TYPICAL CHARACTERISTICS 
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L 
02 040608 1.0 1.2 14 16 18 2.0 
INSTANTANEOUS FORWARD VOLTAGE - VOLTS 


FORWARD CHARACTERISTICS 


PEAK FORWARD SURGE CURRENT—AMPS 


CYCLES AT 60 CYCLES PER SECOND 


MAXIMUM NON-REPETITIVE 
MULTICYCLE FORWARD SURGE CURRENT 
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VATSe | 


Arse 


INSTANTANEOUS REVERSE CURRENT-MICROAMPERES 


1000 


INSTANTANEOUS REVERSE VOLTAGE-VOLTS 


REVERSE CHARACTERISTICS 


40! 


on 
iJ 


C,, CAPAC) TANCE-PICOFARADS 


rx 
ts} 


1 | 
S10 2630-40 506070 80 80 Too 


PEAK REVERSE VOLTAGE ~ OC VOLTS. 


JUNCTION CAPACITANCE 


A115C 


THERMAL RESISTANCE —°C/ WATT 
3 
ae 


eM allies 


0 1/8 74 8 2 5/8 3/4 7/8 1.0 
L, LEAD LENGTH — INCHES 


STEADY STATE THERMAL RESISTANCE 


—— | 1.0" 
ok - eS 
PERF BOARD O56 GLASS EPOXY 
PC BOARD 
TYPICAL TIE LUG MOUNTS TYPICAL PC BOARD MOUNTING 


OUTLINE DRAWING 


1,000 MIN. .25Ct O10 
(25.400 Mm.) 3502. 354 Men! 


.O83 MIN. 
(2.1082 Mm.) 


a 4 | t 
73 J .280max 
= 16.350 max’ 
OS3MAX. DIA. a : 
(1.3462 Mm.) 


TINNED COPPER WIRE 
ALL DiMENS IONS ARE IN INCHES AND (METRIC) 
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Fast Recovery 
Rectifier 


The General Electric Type A139 Series of power rectifier diodes is designed for use in applications 
where a fast recovery rectifier diode is a necessity. The A139 is rated up to 10,000 Hertz. It is 
available in both forward and reverse polarity versions. 


FEATURES: 


@ High Voltage — up to 1000 V 
@ Fast Recovery Time ~ 500 Nanoseconds Maximum 
@ The Fast Recovery Characteristics of the A139 Match the High Frequency Capability of General 


Electric High-Speed SCR’s such as the C140, C141, C138, C139, and C144, 
®@ For Use in: 


Inverters Sonar Power Supplies 
Choppers Ultrasonic Systems 
Low RFI Applications DC-DC Power Supplies 


Free-Wheeling Rectifier Applications 


OUTLINE DRAWING 


DIRECTION OF FOWARD CURRENT FLOW: 
——-{@— FORWARD POLARITY 
—+}— REVERSE POLARITY 


N-afrf TERM. | 
Pi 


|__INCHES | MILLIMETERS] 
[ MIN. | MAX.| MIN. | MAX. |NOTES 


SYMBOL 


5 a = 
gut ~ 


[] 
4 
TERM.2 vil 
SEATING le A _ 
PLANE J NOTES: 


|.COMPLETE THREADS TO EXTEND TO WITHIN 2-1/2 
THREADS OF SEATING PLANE. 

2. ANGULAR ORIENTATION OF TERMINAL !S UNDEFINED. 

3.1/4-28 UNF- 2A. MAXIMUM PITCH DIAMETER OF PLATED 
THREADS SHALL BE BASIC PITCH DIAMETER (.2268', 5.74 MM) 
REF. (SCREW THREAD STANDARDS FOR FEDERAL SERVICES 
1957) HANDBOOK H28 1957 PI. 

4. MINIMUM FLAT. 

EIA-NEMA STANDARD OUTLINE, NEMA SK-51- EIA RS-241. 

INSULATING HARDWARE IS AVAILABLE UPON REQUEST. 


COMPLIES WITH EIA REGISTERED OUTLINE DO-5 


The fast recovery, A139, medium-current rectifier diode provides a superior combination of speed and blocking voltage capability. This high 
performance rectifier diode has been designed specifically for demanding, medium-current, high voltage applications, 


ratings and specifications (Resistive or Inductive Load) | 


Forward Polarity: A139E A139M A139N A139P 
Reverse Polarity: A139ER A139MR A139NR A139PR 


Maximum Allowable Repetitive 
and Working Peak Reverse 
Voltage, Vam ep) & Vam 


(wkg, (4) 500 600 800 1000 Volts 
Maximum Allowable RMS Volt- 

age, V, 355 424 565 710 Volts 
Maximum Allowable DC Blocking 

Voltage, Vp $1) 500 600 800 1000 Volts 
Maximum Allowable Non-Repeti- 

tive Reverse Voltage, Vasm 600 720 960 1200 Volts 


Maximum Allowable Average For- 

ward Current (180° conduction 

angle, 60 cps, half sine wave 

current at Tce = 75°), Ip $$$ 25. Amperes)§ ———————_______________, 
Maximum Allowable Peak One 

Cycle Surge Current (non- 

recurrent), Ippq(surge) ——_—_$§_|_——_ 400 Amperes]§ —————_————— ——— —____——_——_—__—_ 


© General Electric Co., 1968 
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INSTANTANEOUS FORWARD CURRENT — AMPERES 


A139 ratings and specifications conta) 
A139E A139M A139N -A139P 


Forward Polarity: 
Reverse Polarity: A139ER A139MR A139NR A139PR 
12t Rating (for t greater than .001 
sec, and less than .0083 sec., 
non-recurrent) ji a ppp ence 500 Ampere2seconds———_____ = 
Maximum Peak Forward Voltage 
Drop (Ig = 25 Ade at Te = 
75°C), Vem << _ 1.85 Volts Peak Se 
Maximum Average Reverse Cur- 
rent (Ig = 25 Adc at Tg = 75° 


C), In(av) ee. 30 A ered 
Maximum Reverse Recovery Time 
try oe S00 Nanoseconds.  —SsF#F 


Maximum Effective Thermal Re- 
sistance Junction to Case, 


ROuc $s 1.0 deg. Cper watt CS 
Junction Operating Temperature 
Range, Ty cg AOE 10 FID5'C ed 
Storage Temperature Range, Tstg wg ees 40°C to +2:00°C a ss 
Stud Torque singe 30 Lb-in (35 Kg-cm) ——__ CO 
(1) Maximum thermal resistance, case to ambient, for which maximum voltage and temperature ratings apply is: 
Voltage Type : 500 600 800 1000 Volts 
Sinusoidal Voltage: 14.0 12.0 9.0 7.0 °c per watt 
DC Voltage 5 3.7 3.0 2.0 1.4 C per watt 
(2) Reverse recovery time measured at Tg = 25°C with IF-u = 5.0 Amp., commutating di/dt = 50 Amp/psec, max, reverse recovery current = 15 Amp. 
peak, 
(3) To prevent possible device damage during reverse recovery, it is recommended that the rate of rise of reverse voltage be limited to 1200 volts per 
micro second maximum. An RC Snubber connected across the rectifier diode may be used to limit the rate of rise of reverse voltage. 


130 


MAXIMUM ALLOWABLE CASE TEMPERATURE — °C 


50 - | 
40 ol 
30 + | 
uf NOTE: FREQUENCY « 60Hz 
20 4+ 1 | =| 
10 —— —+ a + — i ime 
° tL — 
° 5 10 18 20 25 30 35 40 


AVERAGE FORWARD CURRENT — AMPERES. 


AVERAGE CURRENT RATING VS. CASE TEMPERATURE 


65 


0 | 2 3 4 5 6 
INSTANTANEOUS FORWARD VOLTAGE — VOLTS 


MAXIMUM FORWARD CHARACTERISTICS 


| 
NOTES: |. JUNCTION TEMPER ATURE = 125°C 


[ 2. FREQUENCY «60H2 p>——-~—+——___, 


+ + + — 

[ a 

° 5 to 15 20 25 30 35 40 
AVERAGE FORWARD CURRENT — AMPERES 


MAXIMUM AVERAGE FORWARD POWER DISSIPATION 
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AVERAGE FORWARD POWER DISSIPATION — WATTS 
& 


High Power 


Silicon A170 


Rectifier 
1500 Volts 100A Avg. 


The A170 Series is General Electric’s highly reliable, all-diffused Pic-Pac* 
100 ampere silicon rectifier diode, similar to 1N3288-1N3297 Series. 


This series of rectifier diodes is particularly suited to a wide range of indus- 
trial applications, especially those requiring high performance rectifiers. 


FEATURES: TYPICAL APPLICATIONS: 
e Thermal Fatigue Resistant Pic-Pac* e¢ Transportation Equipment 
Construction e DC Motor Control 
Cathode Strain Buffer © DC Power Supplies 
Soft Recovery e Battery Vehicles 


1500 Volt Verm 
Hermetic Package 


MAXIMUM ALLOWABLE RATINGS AND SPECIFICATIONS 


a 
REPETITIVE PEAK NON-REPETITIVE2 DC REVERSE? REPETITIVE PEAK 


REVERSE VOLTAGE PEAK REVERSE VOLTAGE, Va REVERSE CURRENT 


VRRM VOLTAGE, Vasm ano ° I @v 
e = -4 + RRM RRM 
T, = -40°C to +200°C T, = 25°C to +200°C Ty 0°C to +200°C 


T, = 200°C 


A1L70A 100 Volts 200 Volts 100 Volts 
A170B 200 300 200 
A170C 300 400 300 
A170D 400 525 

AL70E 500 650 

A170M 600 800 

A170S 700 925 

A170N 800 1050 

A170T 900 1175 

A170P 1000 1300 

AL70PA 1100 1400 

A170PB 1200 1500 

A170PC 1300 1600 

AI70PD 1400 1700 

A170PE 1500 1800 


*Models listed are stud cathode (forward polarity) types. SpecifyA170R-for stud anode (reverse polarity) types. Ratings and specifications 
are for frequencies from 50 to 400 Hz, except where noted otherwise. 


Average Forward Current, Ip(avy (Te = +130°C, Single-Phase, Half Sine Wave) ............2....0.. 100 Amperes 
Peak One-Cycle Surge (Non-Repetitive), Forward Current, Iggy... -.- 0c ee ee eee 2500 Amperes 
Minimum I*t Rating (See Curve 6), t > 1 msec. (Non-Repetitive)................- 15,500 (RMS Ampere)* Seconds 
Peak Forward Voltage Drop, Vey (Tc = +130°C, Igcavy = 100 Amps. Average, 314 Amps. Peak)........... 1.3 Volts 
Thermal Resistance, Rgjc (DC)... 6. ee ee eee eee eee eee eens 0.4 °C/Watt 

Lecike 3a (50 164002) i-2 de pad ound 24k teh ee oh na kloe Pee ee 0.55°C/Watt 

60: (S0'to 400°Hz) sec oped eta eee eee eee oad dawn danas 0.72°C/Watt 
Storage Temperaiuies lage bhaaw pedesteia tte So) wre wid seee lt pw 8 dic Boeke one in Waal rawness Gre tars Ah ge uh -40°C to +200°C 
Operating Junction Temperature, Ty... 2... nee -40°C to +200°C 
Stud Torque (See Mounting Guide) -... 0.2... ee eee 90 Lb-in (Min.), 100 Lb-in (Max.) 
NOTES: 10.1 N-m (Min.), 11.3 N-m (Max.) 


1 Assumes a heatsink thermal resistance of less than 2.0°C/watt. 


2 Non-repetitive voltage and current ratings, as contrasted to repetitive ratings, apply for occasional or unpredictable overloads. For 
example, the forward surge current ratings are non-repetitive ratings that are used in fault coordination work. 


3 Assumes a heatsink thermal resistance of less than 1.0°C/ watt. 
4 “Pic-Pac” is an acronym for Pressure Internal Contact Package. 
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DEVICE SPECIFICATIONS 
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INSTANTANEOUS FORWARD VOLTAGE - VOLTS 


1. MAXIMUM FORWARD CHARACTERISTICS 
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3. AVERAGE FORWARD POWER DISSIPATION 
VS. AVERAGE FORWARD CURRENT 
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5. TRANSIENT THERMAL IMPEDANCE — 
JUNCTION-TO-CASE 
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4. AVERAGE FORWARD POWER DISSIPATION VS. 
AVERAGE FORWARD CURRENT, HIGH LEVEL 
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6. SUB-CYCLE SURGE FORWARD CURRENT 
AND I’t RATING VS. PULSE TIME 
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TRANSIENT THERMAL IMPEDANCE - °C/W 


AVERAGE FORWARD CURRENT - AMPERES 


MAXIMUM CIRCUIT RATINGS 


5” x 5” x 1/8” COPPER FIN (GE #12 FIN) 


1. Minimum Fin Spacing 1 inch 


2. Fine 20.9 


3. Fins Mounted Vertically or 
Parallel to Forced Air Flow 
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7. TRANSIENT THERMAL IMPEDANCE — 
JUNCTION-TO-AMBIENT 
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9. THREE-PHASE FORWARD CURRENT (120°C 
Conduction) VS. AMBIENT TEMPERATURE 
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AVERAGE FORWARD CURRENT - AMPERES 
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8. SINGLE-PHASE HALF-WAVE FORWARD CURRENT 
(180°C Conduction) VS. AMBIENT TEMPERATURE 
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10. SIX-PHASE FORWARD CURRENT (60°C Conduction) 
VS. AMBIENT TEMPERATURE 
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MAXIMUM CIRCUIT RATINGS 


7” x 7” x 3/8" ALUMINUM FIN (GE #13 FIN) 


7” x 7” x 1/4” COPPER FIN 
1. Minimum Fin Spacing 1 inch 


2. Fine 2 0.9 


3. Fins Mounted Vertically or 
Parallel to Forced Air Flow 
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11. TRANSIENT THERMAL IMPEDANCE — 
JUNCTION-TO-AMBIENT 
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13. THREE-PHASE FORWARD CURRENT (120°C 
Conduction) VS. AMBIENT TEMPERATURE 
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12. SINGLE-PHASE HALF-WAVE FORWARD 
CURRENT (180°C Conduction) VS. 
AMBIENT TEMPERATURE 
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14. SIX-PHASE FORWARD CURRENT (60°C 
Conduction) VS. AMBIENT TEMPERATURE 


REPETITIVE OVERLOAD RATINGS 
FOR DIODES MOUNTED ON 7” x 7” x 3/8” ALUMINUM FIN (GE #13) au 
ORA 
7” x7” x 1/4” COPPER FIN 


2.8 500 5 TT) ] + | TM | I ~~ CIRCUIT } 
i i | _OUTPUT CURRENT | 
+ Bie poe et settee hs 6 
ea TEE 1-17 ewbeelamtoe! se 
: er Py Tit [Ransnee convection | ase | ace | aoe 
2 2.0 = Ty - FREE CONVECTION 147°C | 145°C 
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2 16 : i22ec | 118°C 
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© 200 400 600 800 1000 1200 1400 1600 1800 2000 I .2 4 6810 20 4060110 20 4060 100 200 400! 1900 
COOLING AIR VELOCITY - FT/MIN 8.0 80 600 
OVERLOAD TIME - SECONDS 
15. STEADY-STATE THERMAL RESISTANCE — 16. REPETITIVE OVERLOAD CURVE MEETING 
JUNCTION-TO-AMBIENT NEMA STANDARDS FOR “‘General Purpose 
Rectifier Equipments Under 100 KW” AT 
40°C AMBIENT 
NOTES: 


1. The repetitive overload calculation procedure outlined on the back cover was used to obtain the ratings shown by curve 
16. This method can be used when the rectifier diode is mounted on any heat sink possessing: 


a) a heat dissipation surface of 100 square inches or more, 
b) a thermal capacity greater than 700 watt-seconds; and, 
c) a fin efficiency greater than 95% for free convection and 85% for forced air cooling. 


2. The NEMA standard cited in curve 16 specifies 200% output current for 10 seconds and 150% output for one minute. 


OUTLINE DRAWING TABLE OF DIMENSIONS 


n Conversion Table 
DECIMAL INCHES METRIC MM 
MIN. 


NOTES | 


Boi Gada Ga Kale a 


NOTES: 


1. Flexible Copper Lead, 9/32 Inch Nominal Diameter. 

2. One Nut and One Lockwasher Supplied With Each Unit. Material of 
Hardware is Steel-Cad Plated. 
Al70 3. “R” Dimension is Diameter of Effective Seating Area. 

FORWARD ANODE 4. “T’ Dimension is Area of Unthreaded Portion. Complete Threads 


POLARITY are Within 2,5 Threads of Seating Piane. 

REVORSE CATHODE 5. Angular Orientation of Terminals is Undefined: 

POLARITY 6. Approximate Weight: 105 Grams. 
INSTALLATION INSTRUCTIONS 


Following these installation instructions will result in a diode-to-heatsink thermal resistance of .10°C/watt or less. 


1. Be sure mounting surface is clean and flat at (.001 inch/inch). 
2. Mounting hole diameter should not exceed rectifier stud OD by more than 1/16” and should be deburred. 


3. Use Dow Corning’s DC3, 4, 340 or 640 or GE6332L or equivalent on mounting surfaces which come in contact 
with the heatsink. 


4, Use suitable hardware. (Nut and split lockwasher are supplied.) 


5. Tighten with a torque wrench, from nut side to 100 Ib-in. 
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REPETITIVE OVERLOAD RATING DETERMINATION 
FOR OVERLOAD CONDITIONS OTHER THAN SHOWN IN FIGURE 16 


To determine the steady state current rating which will 
accommodate a given repetitive overload rating (for diode 
mounted on a 7 x 7 x 3/8” aluminum or 7 x 7 x 1/4” 
copper fin) the following “cut and try” method is suggested: 


Ty max. = Ta + (Pgs) Rosa + (Pox-Pss) Zot) 
Ty max. = Max. Junction Temperature (200°C) 
Ts = Max. Ambient in °C 

Pgg = Steady State Diode Power Dissipa- 
tion from curve 3 (reverse losses 

ignored). 
Rosa = Steady State Thermal Resistance 

from curve 11. 

Po, = Diode Power Dissipation (under re- 
petitive overload conditions) from 

curve 4. 
Z@(t) = Transient Thermal Impedance (under 
overload conditions) from curve 11. 


where 


As a starting point, it is suggested that the steady state 
diode current without repetitive overload current be deter- 


mined (see curves 12, 13, or 14). 


To permit a repetitive overload rating, the maximum rated 
diode current must be reduced. Using a reduced value of 
steady state current as an estimate, the data for insertion 
into the formula can be obtained from curves 3, 4 and 11. 


When the estimate is correct, the right side of the formula 
given above will equal the maximum Ty, which is 200°C. 


Example: 200% repetitive overload required for 10 
seconds; 

3-phase bridge; 

convection cooled; 

maximum ambient = 30°C. 


From curve 13, steady state rating without provision for 
repetitive overload equals 56 amps/diode. Therefore, a first 
approximation may be 40 amps steady state and 80 amps 
overload. Substituting these values in the formula, we have: 


Ty max. = 30 + (40 x 2.55) + (97 — 40) .75 

Ty max. = 175°C 
The answer of 175°C indicates that our steady state selec- 
tion was slightly low. By choosing 45 amps steady state 


and 90 amps overload, we come closer to the maximum 
rating permissible, based on Ty max. = 200°C. 


Of course, the 3-phase-bridge output current will be three 
times the diode current, 135 amps average steady state, 
and 270 amps, or 200% current, for 10 seconds. 
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an MTT 
1. A177 
Fast Recovery Rectifier 


1500 Volts 100A Avg. 


The A177 series is General Electric’s highly reliable, all-diffused, Pic-Pac,* 
100 ampere, fast recovery, silicon rectifier diode. These diodes are designed 
for use in high frequency applications or where a fast recovery diode is a 
necessity. These diodes provide a superior combination of speed, blocking 
voltage capability and soft recovery, which is required in such demanding 
applications as: 

e Inverter Feedback Diode 

e Free Wheeling Diode 

e High Frequency Rectification 
FEATURES: ¢ Low EMI Power Supplies 
Published Current Ratings Up To 20,000 Hz 
All-Diffused 
Thermal Fatigue Resistant Pic-Pac* Construction 
Cathode Strain Buffer 
Soft Recovery With Low Recovered Charge 
Rugged Hermetic Package 
Available in 3/8” or 1/2” Stud 

MAXIMUM ALLOWABLE RATINGS AND SPECIFICATIONS 


NON-REPETITIVE2 
PEAK REVERSE 


REPETITIVE 
PEAK REVERSE 


REPETITIVE PEAK ! 
REVERSE VOLTAGE 


DC REVERSE? 


TYPES* ns VOLTAGE, Vasu bomen CURRENT, Inrm 
Ty = -40°C to +125°C Ty = 25° to +125°C | Ty = -40°C to +125°C Ty = 125°C 

AI7T7A 100 Volts 200 Volts 100 Volts 20 mA 
A1L77B 200 300 200 20 
A177C 300 400 300 20 
A177D 400 500 400 20 
AI77E 500 600 500 20 
A177M 600 720 600 20 
A177S 700 840 700 20 
A177N 800 950 800 20 
Al177T 900 1075 900 20 
A177P 1000 1200 1000 20 
A177PA 1100 1300 1100 20 
A177PB 1200 1400 1200 20 
A177PC 1300 1500 1300 20 
A177PD 1400 1600 1400 20 
A177PE 1500 1700 1500 20 


*Models listed are stud cathode (forward polarity) types. Specify A177R- for stud anode (reverse polarity) types. Ratings and specifications 
are for frequencies from 50 to 20,000 Hz, except where noted otherwise. 


Peak Forward Current, Ipy (Tc = +65°C, Half Sine Wave Pulse Base Width = 8.3 msec., D.F. = 50%). ....- 280 Amperes 
Peak One-Cycle Surge (Non-Repetitive), Current, Ipgy . 1.6 ee ee ee eee 2500 Amperes 
Minimum I*t Rating (See Curve 11), t = 1 msec. (Non-Repetitive) ..........-..... 13,500 (RMS Ampere)? Seconds 
Thermal Resistance, R@jc (D.C.) 20 ee ne eee renee eee ee nee eens 0.4°C/Watt 
Storage Temperature, Tyg ee eee tne ett ee en anne eee -40°C to +150°C 
Operating Junction Temperature, Ty... 2... eee eee eee -40°C to +125°C 
Stud: Torque’ ése.x:s-480 ack, abe ote atenat eS ae getters aye dia eee pede, weg Bed eee, eee 90 Lb-in (Min.), 100 Lb-in (Max.) 


10.2 N-m (Min.), 11.3 N-m (Max.) 
NOTES: 
1 Assumes a heatsink thermal resistance of less than 2.0°C/watt. 
2 Non-repetitive voltage and current ratings, as contrasted to repetitive ratings, apply for occasional or unpredictable overloads. For 
example, the forward surge current ratings are non-repetitive ratings that are used in fault coordination work. 


3 Assumes a heatsink thermal resistance of less than 1.0°C/watt. 
4 “Pic-Pac”’ is an acronym for Pressure Internal Contact Package. 577 
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DEVICE SPECIFICATIONS 
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INSTANTANEOUS FORWARD VOLTAGE-VOLTS 


1. MAXIMUM FORWARD CHARACTERISTICS 
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FORWARD CURRENT 
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5. MAXIMUM ALLOWABLE PEAK FORWARD 
CURRENT, TRAPEZOIDAL WAVEFORM 
(To = 65°C), DI/DT 
(RISING & FALLING) = 100 A/uS 
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2. MAXIMUM ALLOWABLE PEAK FORWARD 
CURRENT 
SINUSOIDAL WAVEFORM (Tg = 65°C) 


MAXIMUM ALLOWABLE PEAK FORWARD CURRENT-AMPERES 
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4. SINUSOIDAL PULSE ENERGY (Tc = 125°C) 
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6. MAXIMUM ALLOWABLE PEAK FORWARD 
CURRENT, TRAPEZOIDAL WAVEFROM 
(Te = 90°C), DI/DT 


978 (RISING & FALLING) = 100 A/uS 


PEAK FORWARD CURRENT - AMPERES 


"S" FACTOR (tg/ta) 


DEVICE SPECIFICATIONS 


7. TRAPEZOIDAL PULSE ENERGY 
DI/DT (RISING & FALLING) = 100 A/usS 
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9. TYPICAL “S” FACTOR VERSUS REVERSE 
RECOVERED CHARGE (Ty = 125°C) 
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8. RECOVERED CHARGE (Ty = 125°C) 


(Maximum Recovered Charge Group 12) 
{f maximum recovered charge group 12 is required, 
request A177___ XQ, e.g. A177BX9, A177RBX9, etc. 
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11. SUB-CYCLE SURGE FORWARD CURRENT 
AND I?t RATING VERSUS PULSE TIME 
FOLLOWING RATED LOAD CONDITIONS 
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OUTLINE DRAWING 
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‘ NOTES: 


s F 1. Flexible Copper Lead, 3/16 Inch Nominal Diameter. 
MODEL even aka THREAD THREAD RELIEF 2. One Nut and One Lockwasher Supplied With Each Unit. Material of 
SIZE LENGTH DIAMETER Hardware is Steei-Cad Plated. 
AIT? “640 3. “R” Dimension is Diameter of Effective Seating Area. 

Par RRA ANODE | CATHODE! 3/8 — 24 “610 IN. ; : 4. 'T” Dimension is Area of Unthreaded Portion. Complete Threads 
AIT7R | are Within 2.5 Threads of Seating Plane. 

REVERSE CATHODE | ANODE [one —2A 5. Angular Orientation of Terminals is Undefined. 

POLARITY 5 6. Approximate Weight: 105 Grams. 


MOUNTING INSTRUCTIONS 


Following these installation instructions will result in a rectifier diode-to-heatsink contact thermal resistance of 0.10°C/watt 
or less. 
1. Be sure mounting surface is clean and flat within .001 inch/inch. 


2. Mounting hole diameter should not exceed the outside diameter of the rectifier diode stud by more than 1/16 inch, 
and should be deburred. 


3. Use Dow Coming’s DC3, 4, 340 or 640 or GE G322L or equivalent, on mounting surfaces that come in contact with 
the heatsink. 


4. Use only hardware furnished with each rectifier diode. 


Tighten with a torque wrench, from nut side, to 100 Ib-in max. 
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High Power 


Silicon A180 


Rectifier 
1500 Volts 150A Avg. 


The A180 Series is General Electric’s highly reliable, all-diffused, Pic-Pac* 
150 ampere silicon rectifier diode. This diode is similar to the 1N3085-92 
series and the 1N5162. 


This series of rectifier diodes is particularly suited to a wide range of indus- 
trial applications, expecially those requiring high performance rectifiers. 


FEATURES: TYPICAL APPLICATIONS: 

¢ Thermal Fatigue Resistant Pic-Pac* e Transportation Equipment 
Construction e DC Motor Control 

e Cathode Strain Buffer e DC Power Supplies 

e Soft Recovery e Battery Vehicles 

e 1500 Volt VRRM 

e Hermetic Package 

e Available in 3/8” or 1/2” Stud 


MAXIMUM ALLOWABLE RATINGS AND SPECIFICATIONS 


REPETITIVE PEAK! NON-REPETITIVE2 DC REVERSE? REPETITIVE PEAK 
REVERSE VOLTAGE PEAK REVERSE VOLTAGE, Va REVERSE CURRENT 


TYPES* 
Vraru VOLTAGE, Vasu T, = -40°C to +200°C InRM @ Varm 
Ty = -40°C to +200°C Ty = 25°C to +200°C Ty = 200°C 


A180A 100 Volts 200 Volts 100 Volts 
A180B 200 
A180C 300 
A180D 400 
A180E 500 
A180M 600 
A180S 700 
A180N 800 
A180T 900 
A180P 1000 
A180PA 1100 
A180PB 1200 
A180PC 1300 
A180PD 1400 
A180PE 1500 


*Models listed are stud cathode (forward polarity) types. Specify A180R-for stud anode (reverse polarity) types. Ratings and specifications 
are for frequencies from 50 to 400 Hz, except where noted otherwise. 


Average Forward Current, Ip(avy (Tc = +143°C, Single-Phase, Half Sine Wave) ...........0.-000 eee 150 Amperes 
Peak One-Cycle Surge (Non-Repetitive), Forward Current, Ipgy... 0... eee eee eee 3400 Amperes 
Minimum I?t Rating (See Curve 4), t > 1 msec. (Non-Repetitive)...........200005 22,000 (RMS Ampere)? Seconds 
Peak Forward Voltage Drop, Vey (Tc = +143°C, Ipcavy = 150 Amps. Average, 471 Amps. Peak)........... 1.3 Volts 
Thermal Resistance, R@jc (DC)... eee ee nee e eee eee 0.3°C/Watt 
Storage’ Temperatures Tare y sautc Sahn ae atime ae we Sat. ot oS Mon eneacy Mong Dae alk 28 ativan -40°C to +200°C 
Operating Junction Temperature, Ty... 0... ce ee ee een ee eee eens -40°C to +200°C 
Stud Torque (See Mounting Guide)... 2.2.2.2... 0... eee ee eee 90 Lb-in (Min.), 100 Lb-in (Max.) 


10.2 N-m (Min.), 11.3 N-m (Max.) 
NOTES: 
1 Assumes a heatsink thermal resistance of less than 2.0°C/watt. 


2 Non-repetitive voltage and current ratings, as contrasted to repetitive ratings, apply for occasional or unpredictable overloads. For 
example, the forward surge current ratings are non-repetitive ratings that are used in fault coordination work. 


3 Assumes a heatsink thermal resistance of less than 1.0°C/watt. 
4 “Pic-Pac” is an acronym for Pressure Internal Contact Package. 
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INSTANTANEOUS FOWARD CURRENT - AMPERES 
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DEVICE SPECIFICATIONS 
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3. AVERAGE FORWARD POWER DISSIPATION 
VS. AVERAGE FORWARD CURRENT 
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MAXIMUM ALLOWABLE CASE TEMPERATURE - °C 
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AVERAGE FORWARD CURRENT 
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4. SUB-CYCLE SURGE FORWARD CURRENT 
AND 1?t RATING VS. PULSE TIME 
FOLLOWING RATED LOAD CONDITIONS 


DEVICE SPECIFICATIONS 


ol p titi 
-001.002 005 .01 02 05 O1 . 10 20 50 10 20 50 100 
TIME IN cies 


TRANSIENT THERMAL IMPEDANCE-°C/W 


5. TRANSIENT THERMAL IMPEDANCE — 
JUNCTION-TO-CASE 


TABLE OF DIMENSIONS 
Conversion Table 
METRIC MM 


MAX. NOTES 
SEATING PLANE A 1.020 1.140 25.90 28.96 


390 500 9.90 | 12707 {| 


K .291 6.85 
5 f 320 = ia 8.12 
M : .280 3200) 7.11 
N a 070 110 1.77 
p 840 10 [21.33] 
R i -920 [ 23.36 3 
ak | -060 iZ = 1.52 4 
F __v 1.052 _1.063 26.72 27.00 | 
NOTES: 
s 1. Flexibie Copper Lead, 9/32 inch Nominal Diameter. 
TERMINAL | TERMINAL 
MODEL 1 2 THREAD THREAD RELIEF 2. One Nut and One Lockwasher Supplied With Each Unit. Material of 
SIZE LENGTH DIAMETER Hardware is Steel-Cad Plated. 
: oO 2 3. '"R™ Dimension is Diameter of Effective Seating Area. 
BOCARITY ANODE CATHODE} 3/8 — 24 4. "T" Dimension is Area of Unthreaded Portion. Complete Threads 


are Within 2.5 Threads of Seating Plane. 
§. Angular Orientation of Terminais is Undefined. 
6. Approximate Weight: 105 Grams. 


AIBOR 
REVERSE CATHODE ANODE UNF — 2A 
POLARITY 


INSTALLATION INSTRUCTIONS 


Following these installation instructions will result in a rectifier diode-to-heatsink contact thermal resistance of 0.10°C/watt 


or less. 
1, Be sure mounting surface is clean and flat within .001 inch/inch. 


2. Mounting hole diameter should not exceed the outside diameter of the rectifier diode stud by more than 1/16 inch, 
and should be deburred. 

3. Use Dow Corning’s DC3, 4, 340, 640 or GE G322L or equivalent, on mounting surfaces that come in contact with 
the heatsink. 


4, Use only hardware furnished with each rectifier diode. 


5. Tighten with a torque wrench, from nut side to 100 Ib-in. 
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ened ais7 
ye | A187 
Fast Recovery Rectifier 


I A190 SEE 1N3735, PAGE 241 


1500 Volts 150A Avg. 


The A187 series is General Electric’s highly reliable, all-diffused, Pic-Pac,* 
150 ampere, fast recovery, silicon rectifier diode. These diodes are designed 
for use in high frequency applications or where a fast recovery diode is a 
necessity. These diodes provide a superior combination of speed, blocking 
voltage capability and soft recovery, which is required in such demanding 
applications as: 

e Inverter Feedback Diode 

e Free Wheeling Diode 

e High Frequency Rectification 
FEATURES: e Low EMI Power Supplies 


Published Current Ratings Up To 20,000 Hz 
All-Diffused 
Thermal Fatigue Resistant Pic-Pac* Construction 
Cathode Strain Buffer 
Soft Recovery With Low Recovered Charge 
Rugged Hermetic Package 
Available in 3/8” or 1/2” Stud 

MAXIMUM ALLOWABLE RATINGS AND SPECIFICATIONS 


REPETITIVE PEAK! | NON-REPETITIVE2 be REVERSES REPETITIVE 
REVERSE VOLTAGE PEAK REVERSE PEAK REVERSE 
VOL 
TMPESS Vana VOLTAGE, Vasm | + Siere anes CURRENT, Iaam 
Ty = -40°C to +125°C | T, = 25°C to +125°C J 2 T, = 125°C 


A187A 100 Volts 200 Volts 100 Volts 
A187B 
A187C 
A187D 
A187E 
Al187M 
A187S 
A187N 
A187T 
A187P 
A187PA 
Al187PB 
A187PC 
A187PD 
A187PE 


*Models listed are stud cathode (forward polarity) types. Specify A187R- for stud anode (reverse polarity) types. Ratings and specifications 
are for frequencies from 50 to 20,000 Hz, except where noted otherwise. 


Peak Forward Current, Ipy (Tc = +65°C, Half Sine Wave Pulse Base Width = 8.3 msec., D.F. = 50%)...... 380 Amperes 
Peak One-Cycle Surge (Non-Repetitive), Forward Current, Ipgy .. 2... ee ee ee nes 2800 Amperes 
Minimum I’t Rating (See Curve 11), t > 1 msec. (Non-Repetitive) ................ 21,000 (RMS Ampere)? Seconds 
Thermal Resistance, Rgjc (D.C.) 20 ne ee eee nee ee eee 0.3°C/Watt 
Storage ‘Temperature, Tyg cs farce wn eco wot ee ete he tele oad ele ERG wl ees wa eT eee -40°C to +150°C 
Operating Junction Temperature, Ty... ete eee nett ees -40°C to +125°C 
SLUGS T OTQUE o5.54ono..5, Saas Pao ck enel cae ss ode a he, teh Endo Tg do hdne, BgPRede ras evn, Boeuahate te Sal eprceatety 90 Lb-in (Min.), 100 Lb-in (Max.) 
NOTES: 10.2 N-m (Min.), 11.3 N-m (Max.) 


1 Assumes a heatsink thermal resistance of less than 2.0°C/watt. 

2 Non-repetitive voltage and current ratings, as contrasted to repetitive ratings, apply for occasional or unpredictable overloads. For 
example, the forward surge current ratings are non-repetitive ratings that are used in fault coordination work. 

3 Assumes a heatsink thermal resistance of less than 1.0°C/watt. 

4 “Pic-Pac” is an acronym for Pressure Internal Contact Package. 4 


DEVICE SPECIFICATIONS 
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PEAK FORWARD CURRENT - AMPERES 


"gS" FACTOR (tp/ty ) 


100 


0.3 


DEVICE SPECIFICATIONS 
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7. TRAPEZOIDAL PULSE ENERGY, DI/DT 
(RISING & FALLING) = 100 A/us 
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10. TRANSIENT THERMAL IMPEDANCE — 
JUNCTION-TO-CASE 
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11. SUB-CYCLE SURGE FORWARD CURRENT 
AND I?t RATINGS VERSUS PULSE TIME 
FOLLOWING RATED LOAD CONDITIONS 


OUTLINE DRAWING 


TABLE OF DIMENSIONS 
Conversion Table 


DECIMAL INCHES METRIC MM 
MIN. MAX. MIN. MAX, | notes 


1.020 1,140 25.90 28.96 
-390 


i ' 
‘| SEATING PLANE 


-500 
1.750 . 
5.150 120.65 


9.90 


-520 625 13.20 . 
+ $——200 

:270 .291 6.85 7.39 

-320 = 8.12 ce 


280 320 7 8.13 

070 a0 [1.77 2.79 

840 910 21.33 23.11 

920 = 23.36 = 3 
= 060 = 152 4 
1.052 1.063 | 26.72 27.00 


NOTES: 


s F 1. Flexible Copper Lead, 9/32 Inch Nominal Diameter. 
MODEL TERMINAL) TERMINAL THREAD THREAD RELIEF 2. One Nut and One Lockwasher Supplied With Each Unit. Material of 
: : LENGTH DIAMETER Hardware is Steel-Cad Piated. 


A187 3. “R" Dimension is Diameter of Effective Seating Area. 
| FORWARD 4. 'T" Dimension is Area of Unthreaded Portion. Complete Threads 
POLARITY are Within 2.5 Threads of Seating Plane. 
| nveRte CATHODE 5. Angular Orientation of Terminals is Undefined. 
POLARITY 6. Approximate Weight: 105 Grams. 


MOUNTING INSTRUCTIONS 


Following these installation instructions will result in a rectifier diode-to-heatsink contact thermal resistance of 0.10 C/watt 
or less. 
1, Be sure mounting surface is clean and flat within .001 inch/inch. 


2. Mounting hole diameter should not exceed the outside diameter of the rectifier diode stud by more than 1/16 inch, 
and should be deburred. 


3. Use Dow Corning’s DC3, 4, 340 or 640 or GE G3221 or equivalent, on mounting surfaces that come in contact with 
the heatsink. 


4. Use only hardware furnished with each rectifier diode. 


Tighten with a torque wrench, from nut side, to 100 lb-in max. 
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eal ats7 | 
- A197 
Fast Recovery Rectifier 


1500 Volts 250A Avg. 


The A197 series is General Electric’s highly reliable, all-diffused, Pic-Pac,* 
250 ampere, tast recovery, silicon rectifier diode. These diodes are designed 
for use in high frequency applications or where a fast recovery diode is a 
necessity. These diodes provide a superior combination of speed, blocking 
voltage capability and soft recovery, which is required in such demanding 
applications as: 


e Inverter Feedback Diode 

e Free Wheeling Diode 

e High Frequency Rectification 

e Low EMI Power Supplies 
FEATURES: 


Published Current Ratings Up To 20,000 Hz 
All-Diffused 

Thermal Fatigue Resistant Pic-Pac* Construction 
Cathode Strain Buffer 

Soft Recovery With Low Recovered Charge 


Rugged Hermetic Package 
MAXIMUM ALLOWABLE RATINGS AND SPECIFICATIONS 


REPETITIVE PEAK ! | NON-REPETITIVE2 3 REPETITIVE 

REVERSE VOLTAGE PEAK REVERSE DC REVERSE PEAK REVERSE 
VRRM VOLTAGE, Vasm VORTOGE: Nn’. CURRENT, tpam 

Ty = -40°C to +125°c | Ty = 25°C to +125°C | Ts = 40°C to +125°C T, = 125°C 


A197A 100 Volts 200 Volts 100 Volts 
A197B 300 200 
A197C 400 300 
A197D 500 400 
AI97E 600 500 
A197M 720 600 
A197S 840 700 
A197N 950 800 
A197T 1075 900 
A197P 1200 1000 
A197PA 1300 1100 
A197PB 1400 1200 
A197PC 1500 1300 
A197PD 1600 1400 
A197PE 1700 1500 


*Models listed are stud cathode (forward polarity) types. Specify A197R- for stud anode (reverse polarity) types. Ratings and specifications 
are for frequencies from 50 to 20,000 Hz, except where noted otherwise. 


Peak Forward Current, Ipm (Tc = +65°C, Half Sine Wave Pulse Base Width = 8.3 msec., D.F. = 50%)...... 720 Amperes 
Peak One-Cycle Surge (Non-Repetitive), Forward Current, Ipgy .--- 2-20 ee eee ees 5000 Amperes 
Minimum I?t Rating (See Curve 11), t > 1 msec. (Non-Repetitive) ............005. 44,000 (RMS Ampere)” Seconds 
Thermal ‘Résistance, Rage (De CY bsg nc ns bed gars Old om ee ewes F deals ok ak Ree 0.18°C/Watt 
StOhape | CMperat Une, Tele: akc taccasrel eh oe wnat wis eae ew aS Peck aaa aus aleacummaae hes -40°C to +150°C 
Operating Junction Temperature, Ty... 6-0... ee ee eee eee eee -40°C to +125°C 
Sttid Torque. ion ork he ha eae se ail eth BA pe ht ed Ses Bees 275 Lb-in (Min.), 325 Lb-in (Max.) 
NOTES: 31 N-m (Min.), 36.7 N-m (Max.) 


1 Assumes a heatsink thermal resistance of less than 2.0°C/watt. 


2 Non-repetitive voltage and current ratings, as contrasted to repetitive ratings, apply for occasional or unpredictable overloads, For 
example, the forward surge current ratings are non-repetitive ratings that are used in fault coordination work. 


3 Assumes a heatsink thermal resistance of less than 1.0°C/watt. 
4 “Pic-Pac” is an acronym for Pressure Internal Contact Package. 588 


DEVICE SPECIFICATIONS 
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TRAPEZOIDAL PULSE BASE WIDTH - MICROSECONDS 


6. MAXIMUM ALLOWABLE PEAK FORWARD 


TRAPEZOIDAL PULSE BASE WIDTH — MICROSECONDS 
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100 A/us 


A197 DEVICE SPECIFICATIONS 
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request A197 X9, e.g. A197BX9, A197RBX9Y, etc. 


IFT 


ra ae 


"A 


0.5 


“S" FACTOR (tg /ta) 


TRANSIENT THERMAL IMPEDANCE — °C/W 


ov LL LAI LHu td LU LEU tt 


ON5 10 100 1000 .001 ol 0.1 1.0 10 roJe} 
REVERSE RECOVERED CHARGE-Qp (pep, # COULOMBS TIME IN SECONDS 
9. TYPICAL ”“S” FACTOR VERSUS 10. TRANSIENT THERMAL IMPEDANCE — 
REVERSE RECOVERED CHARGE (Ty = 125°C) JUNCTION-TO-CASE 


ub 
oo 
oo 


Nn 
° 
° 


12% RATING 
(RMS -~ AMPERES) 7 SECONDS 
x 1000 


AMPERES x 1000 


PEAK SURGE CURRENT 


PULSE WIOTH-MILLISECONDS 


11. SUB-CYCLE SURGE FORWARD CURRENT 
AND 1?t RATINGS VERSUS PULSE TIME 
FOLLOWING RATED LOAD CONDITIONS 
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OUTLINE DRAWING 


do TABLE OF DIMENSIONS 
Ly A ’ Conversion Table 


N A PEATING:PLANE | DECIMAL INCHES METRIC MM 
SYM. are NOTES 
ho M P [" ie 6 MIN. MAX. WN MAX. 
A 1.450 1.551 : 39. 
Rahs des cp fora) ee 750 12.70 | 19.05 | 
oo eee i Cc 2.300 2.500 58.42 63.50_| | 
d Sei= emrrvineg [D - §.300 5.700 134.62 144,78 
+ ( | MUU a F 797 B27} 20,24 21.01] 
SEE u J 665 1 755 16.89 19.18 
K NOTE? a K 322 333 8.17 8.46 
Vv t 437 = 11.99 = 
: “ 
+—_____—— F N 170 
fe) P 
Qa 660 749 16.76 
T = 156 = 3.96 3 
TERMINAL TERMINAL s Vv | 1.240 1.250 [31.49 31.75 
MppeL 1 Z THREAD SIZE NOTES: 
+ 1. Flexible Copper Lead. 
AlST 1 1 2. One Nut and One Lockwasher Supplied With Each Unit. Material of 
POLARITY Be, ee ant Hardware is Steel, Cad Plated. 
AISTR 3. "T" Dimension is Area of Unthreaded Portion. Complete Threads 
REVERSE CATHODE ANODE UNF — 2A are Within 2.5 Threads of Seating Plane 
POLARITY i 4, Angular Orientation of Terminals is Undefined. 


MOUNTING INSTRUCTIONS 
Following these installation instructions will result in a rectifier diode-to-heatsink contact thermal resistance of 0.08°C/watt 
or less. 
1. Be sure mounting surface is clean and flat within .001 inch/inch. 


2. Mounting hole diameter should not exceed the outside diameter of the rectifier diode stud by more than 1/16 inch, 
and should be deburred. 


3. Use Dow Corning’s DC3, 4, 340 or 640 or GE G322L or equivalent, on mounting surfaces that come in contact with 
the heatsink. 


4. Use only hardware furnished with each rectifier diode. 


5. Tighten with a torque wrench, from nut side, to 325 lb-in max. 
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High Power 


siicon = [A300 
Rectifier 
1500 Volts 400A Avg. 


The A390 Series is General Electric’s highly reliable, all-diffused Press-Pak 
400 ampere silicon rectifier diode. 


FEATURES: 


Soft Reverse Recovery 

High Reverse Blocking Voltage Capability 
Pressure Contacts 

Package Reversibility 

Rugged Glazed Ceramic Hermetic Package 


MAXIMUM ALLOWABLE RATINGS AND SPECIFICATIONS 


REPETITIVE PEAK! | NON-REPETITIVE2 DC REVERSE? REPETITIVE PEAK 
REVERSE VOLTAGE PEAK REVERSE VOLTAGE, Va REVERSE CURRENT 
VaRM VOLTAGE, Vasm T, = -40°C to +200°C Irru © Vaan 
= te) ) = ° fo) J _ © 
Ty = -40°C to +200°C Ty = 25°C to +200°C Ty = 200°C 


A390A 100 Volts 200 Volts 100 Volts 
A390B 200 300 200 
A390C 300 400 300 
A390D 400 525 400 
A390E 500 650 500 
A390M 600 800 600 
A390S 700 925 700 
A390N 800 1050 800 
A390T 900 1175 900 
A390P 1000 1300 1000 
A390PA 1100 1400 1100 
A390PB 1200 1500 1200 
A390PC 1300 1600 1300 
A390PD 1400 1700 1400 
A390PE 1500 1800 1500 


Average Forward Current, Ip(avy (Tc = 114°C, Single Phase, Half Sine Wave, Double-Side Cooled)....... 400 Amperes 
Peak One-Cycle Surge (Non-Repetitive) Forward Current, Ipgy --- +--+ eee eeeee eres 7000 Amperes 
Minimum I*t Rating (for times > 1.5 msec, Non-Repetitive) ....-....-...-.00005 80,000 (RMS Ampere)? Seconds 
Peak Forward Voltage Drop, Vey (Ir(avy = 400 Amps. Avg., 1260 Amps. Peak, 144°C Case Temp., Single-Phase). . . 1.4 Volts 
Maximum DC Thermal Resistance, Rgjc: — Double-Side Cooling... 2.1... 0 ees 0.095°C/Watt 
Storage: Pewiperatures Tete, iS aeanets toch ate Wala, a eA acne Mees warp tap a de nl util Pile soa salle ues -40°C to +200°C 
Operating Junction Temperature, Ty 2... ke eee nent eee nee -40°C to +200°C 
Mounting Force Required* .. 22... 02 en eee ene ne eee eee eas 800 Lbs + 10% 


3.56KN + 10% 


NOTES: 
1 Assumes a heatsink thermal resistance of less than 2.0°C/watt. 


2 Non-repetitive voltage and current ratings, as contrasted to repetitive ratings, apply for occasional or unpredictable overloads. For 
example, the forward surge current ratings are non-repetitive ratings that are used in fault coordination work. 


3 Assumes a heatsink thermal resistance of less than 1.0°C/watt. 
4 Refer to the last page of this specification for Press-Pak mounting instructions, Also see SCR Manual, Fifth Edition, Chapter 18. 


592 


MAXIMUM ALLOWABLE CASE TEMPERATURE - °C 


INSTANTANEOUS FORWARD CURRENT-AMPERES 


DEVICE SPECIFICATIONS 
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2. AVERAGE FORWARD POWER DISSIPATION 
VS. AVERAGE FORWARD CURRENT 
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CYCLES AT 60 Hz 


6. MAXIMUM SURGE CURRENT FOLLOWING 
RATED LOAD CONDITIONS 
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I2t RATING 
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7. SUB-CYCLE SURGE FORWARD CURRENT 
AND I’t RATING VS. PULSE TIME 
FOLLOWING RATED LOAD CONDITIONS 


OUTLINE DRAWING 


SEATING PLANES 


FLAT WITHIN 


-0Ol TOTAL (.03 MM) 


TABLE OF DIMENSIONS 
Conversion Table 


DECIMAL | METRIC 
INCHES MM 

YM} — ~~ 5- P eos 

min. |MAX. | MIN.| MAX. 

sac EL 

| .752 


3.42 | 3.68 


| 


1.70 2.14 


SUGGESTED MOUNTING METHODS FOR PRESS-PAKS TO HEAT DISSIPATORS 


When the Press-Pak is assembled to a heat sink in accord- 
ance with the following general instructions, a reliable and 
and low thermal resistance interface will result: 


1. Check each mating surface for nicks, scratches, flatness 
and surface finish. The heat dissipator mating surfaces 
should be flat within .0005 inch/inches and have a sur- 
face finish of 63 micro-inches. 


2. It is recommended that the heat dissipator mounting 
surfaces be plated with nickel, tin or silver. Bare alumi- 
num or copper surfaces will oxidize in time resulting 
in excessively high thermal resistance. 
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Sand each surface lightly with 600 grit paper just prior 
to assembly. Clean off and apply silicone oil (GE 
SF1154 200 centistoke viscosity) or silicone grease 
(GE G322L or Dow Coming DC 3, 4, 340 or 640). 
Clean off and apply again as a thin film. (A thick film 
will adversely affect the electrical and thermal 
resistances.) 


Assemble with the specified mounting force applied 
through a self-leveling, swivel connection. The force has 
to be evenly distributed over the full area. Center holes 
on both top and bottom of the Press-Pak are for locat- 
ing purposes only. 


MOUNTING THE A390, ONE-HALF INCH PRESS-PAK 


USING THE SERIES 1000 CLAMP 


CLAMP FEATURES: 


e Hardened Steel Pivot insuring constant pressure in 
rugged applications over long periods. 


e One-piece phenolic insulator gives added 1/2” creep 
distance. 


e Use of special Force Indicator Gauge eliminates need 
for torque wrenches, inaccurate “flex” gauges and 
guesswork, 


e Various bolt lengths available to accommodate most 
mounting situations. 


e No loose parts to complicate assembly. 


e Stiffening brace to reinforce heat sink available upon 
request. 


MOUNTING PROCEDURE: 


With the semiconductor positively located in place on the 
heatsink(s), place the clamp in position with the bolts 
through the holes in the heatsink(s), and proceed as follows: 


1. Refer to SCR Manual, Fifth Edition, “Mounting The 
Press-Pak SCR,” 18.2.7. 


Tighten the nuts evenly until finger tight. 


3. Tighten each bolt 1/2 turn, using a 7/16 socket wrench 
on the bolt heads. 


4. Place the Force Indicator Gauge firmly against the 
springs, as shown on the Outline Drawing, so that both 
ends and the middle are in solid contact with the 
springs. The holes of the gauge will then indicate the 
spring deflection, or force; correct mounting force is 
indicated when the holes coincide. 


Examples: 


Holes 
Lined Up 


Excessive force. Loos- 
en nuts and start over. 
NEVER try to adjust 
spring force by back- 
ing off the nuts, spring 
friction will produce 
false readings. Always 
start at Step 1. 


Less than rated force. Correct Force 
Tighten nuts alternate- 
ly % turn at a time 


until points coincide. 


e Single-side cooling terminal available upon request. 


e Positive, non-binding swivel action. 


SERIES 1000 


To Calibrate Force Gauge: 


If the gauge is suspected of being out of calibration due to 
wear or damage, check it on a flat surface as shown below. 


> je 0.300°-00 


TRUE FLAT SURFACE 
{OR STRAIGHT EDGE) 


NS + 
LLLLLLLLLALLALAA AMMA MMMM MMM 


If the points are not 0.300 + .010 apart, calibrate the gauge 
by filing the bottom contact points. 
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High Speed 
Fast Recovery Rectifier A387 


1500 Volts 400A Avg. 


The A397 series is General Electric’s highly reliable, all-diffused, Press-Pak, 
400 ampere, fast recovery, silicon rectifier diode. These diodes are designed 
for use in high frequency applications or where a fast recovery diode is a 
necessity. These diodes provide a superior combination of speed, blocking 
voltage capability and soft recovery, which is required in such demanding 
applications as: 

e Inverter Feedback Diode 

e Free Wheeling Diode 

e High Frequency Rectification 

¢ Low EMI Power Supplies 


FEATURES: 

Published Current Ratings Up To 20,000 Hz 
Soft Recovery With Low Recovery Charge 
All-Diffused 

Package Reversibility 

Rugged Glazed Ceramic Hermetic Package 


MAXIMUM ALLOWABLE RATINGS AND SPECIFICATIONS 


REPETITIVE PEAK ! NON-REPETITIVE2 DC REVERSE? REPETITIVE 
REVERSE VOLTAGE WEAK REVENGE SEIa AGE ve ae 
RRM * VRSM ES ‘ és »iRRM 
Ty = -40°C to +125°C | T,= 25°C to 126° | TY ~ 40°C to +125°C 
A397A 100 Volts 100 Volts 
A397B 200 
A397C 
A397D 
A397E 
A397M 
A397S8 
A397N 
A397T 
A397P 
A397PA 
A397PB 
A397PC 
A397PD 
A397PE 
Peak Forward Current, Ipy (Tc = +65°C, Half Sine Wave Pulse Width = 8.3 msec., D.F. = 50%)........ 1200 Amperes 
Peak One-Cycle Surge (Non-Repetitive), Forward Current, Ipgy...- 2c eee eee 5000 Amperes 
Minimum I?t Rating (See Curve 11), t > 1 msec. (Non-Repetitive) .......-......... 44,000 (RMS Ampere)” Seconds 
Thermal Resistance, Rgjc (D.C.) 2... eee eee ee eee bene teens .095°C/Watt 
Storage Temperature, Tyg. 0-5 62 ease ee ee eg le ee ee ee Pa eee a ete Se sine dia 8 -40°C to +150°C 
Operating Junction Temperature, Ty... 2... ee ee eee eee ene -40°C to +125°C 
Mounting Force Required... 2... ee nnn eee eens 800 Lbs + 10% 


3.56KN + 10% 


NOTES: 


1 Assumes a heatsink thermal resistance of less than 2.0°C/watt. 


2 Non-tepetitive voltage and current ratings, as contrasted to repetitive ratings, apply for occasional or unpredictable overloads. For 
example, the forward surge current ratings are non-repetitive ratings that are used in fault coordination work, 


3 Assumes a heatsink thermal resistance of less than 1.0°C/watt. 
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DEVICE SPECIFICATIONS 
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SUGGESTED MOUNTING METHODS FOR PRESS-PAKS TO HEAT DISSIPATORS | A397 


When the Press-Pak is assembled to a heat sink in accord- 
ance with the following general instructions, a reliable and 
low thermal resistance interface will result: 


Check each mating surface for nicks, scratches, flatness 
and surface finish. The heat dissipator mating surfaces 
should be flat within .0005 inch/inch and have a sur- 
face finish of 63 micro-inches. 


. It is recommended that the heat dissipator be plated 
with nickel, tin, or silver. Bare aluminum or copper sur- 


3. Sand each surface lightly with 600 grit paper just prior 


to assembly. Clean off and apply silicone oil (GE 
SF1154 200 centistoke viscosity) or silicone grease 
(GE G322L or Dow Corning DC 3, 4, 340 or 640). 
Clean off and apply again as a thin film. (A thick film 
will adversely affect the electrical and thermal 
resistances.) 


. Assemble with the specified mounting force applied 


through a self-leveling, swivel connection. The force has 
to be evenly distributed over the full area. Center holes 


on both top and bottom of the Press-Pak are for locat- 
ing purposes only. 


faces will oxidize in time resulting in excessively high 
thermal resistance. 


MOUNTING THE A397, ONE-HALF INCH PRESS-PAK USING THE SERIES 1000 CLAMP 


CLAMP FEATURES: 


e Hardened Steel Pivot insuring constant pressure in 
rugged applications over long periods. 


e Single-side cooling terminal available upon request. 
e Positive, non-binding swivel action. 


e One-piece phenolic insulator gives added 1/2” creep 
distance. 

e Use of special Force Indicator Gauge eliminates need 
for torque wrenches, inaccurate “flex” gauges and 
guesswork, 

e Various bolt lengths available to accommodate most 


mounting situations. 

¢ No loose parts to complicate assembly. 

e Stiffening brace to reinforce heat sink available upon 
request. SERIES 1000 


MOUNTING PROCEDURE: 


With the semiconductor positively located in place on the 

heatsink(s), place the clamp in position with the bolts 

through the holes in the heatsink(s), and proceed as follows: 

1, Refer to SCR Manual, Fifth Edition for Preparation of 
Mounting the Press-Pak SCR, 18.2.7. 


2. Tighten the nuts evenly until finger tight. 


3. Tighten each bolt 1/2 turn, using a 7/16 socket wrench 
on the bolt heads. 

4, Place the Force Indicator Gauge firmly against the 
springs, as shown on the Outline Drawing, so that both 
ends and the middie are in solid contact with the 
springs. The holes of the gauge will then indicate the 
spring deflection, or force; correct mounting force is 
indicated when the holes coincide. 


To Calibrate Force Gauge: 


If the gauge is suspected of being out of calibration due to 
wear or damage, check it on a flat surface as shown below. 


>| je 0.300°.00 


Examples: 


Holes 
Lined Up 


TRUE FLAT SURFACE 
(OR STRAIGHT EDGE) 


a fn Pe 
SLLILLLLLA ALLA AAMAM AMA AAA MMM 


Excessive force. Loos- 
en nuts and start over. 
NEVER try to adjust 
spring force by back- 
ing off the nuts, spring 
friction will produce 
false readings. Always 
start at Step 1. 


Less than rated force. Correct Force 
Tighten nuts alternate- 
ly % turn at a time 


until points coincide. 


If the points are not 0.300 + .010 apart, calibrate the gauge 


by filing the bottom contact points. 
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High Power 


Silicon A430 
Rectifier 
1500 Volts 1000A Avg. 


The A430 Series is General Electric’s highly reliable, all-diffused Press-Pak 
1000 ampere silicon rectifier diode. 


FEATURES: 


Soft Reverse Recovery 

High Reverse Blocking Voltage Capability 

Pressure Contacts 

Package Reversibility 

Rugged, Glazed Ceramic Hermetic Package With 1” Creepage Path 


MAXIMUM ALLOWABLE RATINGS AND SPECIFICATIONS 


REPETITIVE PEAK! NON-REPETITIVE2 DC REVERSE? REPETITIVE PEAK 
REVERSE VOLTAGE PEAK REVERSE VOLTAGE, Ve REVERSE CURRENT 
VRAM VOLTAGE, Vasm T, = -40°C to +200°C Inam @ Varo 
Ty = -40°C to +200°C Ty = 25°C to +200°C 
500 Volts 650 Volts 500 Volts 
600 800 600 
700 925 700 
800 1050 800 
900 1175 900 
1000 1300 1000 
1100 1400 1100 
1200 1500 1200 
1300 1600 1300 
1400 1700 1400 
1500 1800 1500 
Average Forward Current, Ip¢ayy (Te = 113°C, Single Phase, Half Sinewave, Double-Side Cooled). ......- 1,000 Amperes 
Peak One-Cycle Surge (Non-Repetitive) Forward Current, Ipgy «1... ee eee ee eee 10,000 Amperes 
Minimum I*t Rating (for times > 1.5 msec., Non-Repetitive).............. . ... 200,000 (RMS Ampere)? Seconds 
Minimum I*t Rating (for times > 8.3 msec., Non-Repetitive)..............0000- 415,000 (RMS Ampere)” Seconds 
Peak Forward Voltage Drop, Vem (Ipav) = 1000 Amps.; 3140 Amps. Peak, 113°C Case Temp., Single-Phase) ... 1.42 Volts 
Maximum Thermal Resistance, Rgyc, Double-Side Cooling... . 2... 0... ee eee 0.06°C/Watt 
Storage: Temperature, big? 6 hake yim de bebe Oe a Dilek aces pak id A eed ae ene eS -40°C to +200°C 
Operating Junction Temperature, Ty 2.0... ee ee eee ae -40°C to +200°C 
Mounting Force Required* 2... 0. ce eect nent eben e ene ennnnas 2000 Lbs + 10% 
8.9 KN + 10% 
NOTES: 


1 Assumes a heatsink thermal resistance of less than 1.1°C/watt. 
2 Non-repetitive voltage and current ratings, as contrasted to repetitive ratings, apply for occasional or unpredictable overloads. For 
example, the forward surge current ratings are non-repetitive ratings that are used in fault coordination work. 


3 Assumes a heatsink thermal resistance of less than 0.5°C/watt. 
4 Refer to the SCR Manual, Fifth Edition, Chapter 18 for Press-Pak mounting instructions. 
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MAXIMUM ALLOWABLE CASE TEMPERATURE-°C 


DEVICE SPECIFICATIONS 
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OUTLINE DRAWING 
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MOUNTING THE A430, ONE INCH PRESS-PAK 
USING THE SERIES 2500 CLAMP 


CLAMP FEATURES: | 


The General Electric Company offers the Series 2500 Press Pak, mounting clamp designed 
to facilitate single- or double-side cooling of all GE Press Pak’s. 


Special features of this clamp: 
© Metal pivot insuring constant pressure in rugged applications over long periods. 
© One-piece phenolic insulator gives 1” nominal creep distance. 
@ Use of special Force Indicator Gauge eliminates need for torque wrenches, in- 

accurate “flex” gauges, and guesswork. 

Various bolt lengths available to accommodate most mounting situations. 

No loose parts to complicate assembly. 

Stiffening brace to reinforce heat sink available upon request. 

Single-side cooling terminal available upon request. 

Positive, non-binding swivel action. 
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aaaet _Aas7 
26 A437 
Fast Recovery Rectifier 


1500 Volts 600A Avg. 


The A437 series is General Electric’s highly reliable, all-diffused, Press-Pak, 
600 ampere, fast recovery, silicon rectifier diode. These diodes are designed 
for use in high frequency applications or where a fast recovery diode is a 
necessity. These diodes provide a superior combination of speed, blocking 
voltage capability and soft recovery, which is required in such demanding 
applications as: 


e Inverter Feedback Diode 

e Free Wheeling Diode 

e High Frequency Rectification 

e Low EMI Power Supplies 
FEATURES: 


Published Current Ratings Up To 20,000 Hz 

Soft Recovery With Low Recovered Charge 

All-Diffused 

Rugged Glazed Ceramic Hermetic Package With 1” Creepage Path 
Package Reversibility 


MAXIMUM ALLOWABLE RATINGS AND SPECIFICATIONS 


REPETITIVE PEAK ! NON-REPETITIVE2 DC REVERSE? REPETITIVE 
REVERSE VOLTAGE PEAK REVERSE VOLTAGE, Va PEAK REVERSE 
Varu VOLTAGE, Vasm T, = -40°C to +125°C CURRENT, taam 
Ty = -40°C to +125°C Ty = 25°C to +125°C T, = 128°C 
A437A 100 Volts 200 Volts 100 Volts 
A437B 
A437C 
A437D 
A437E 
A437M 
A437S 
A437N 
A437T 
A437P 
A437PA 
A437PB 
A437PC 
A437PD 
A437PE 
Peak Forward Current, Ipy (Tc = +65°C, Half Sine Wave Pulse Base Width = 8.3 msec., D.F, 50%). ..... 1,700 Amperes 
Peak One-Cycle Surge (Non-Repetitive), Forward Current, Ipgy.- 2.0.0 cee cece eee eee ecceae 10,000 Amperes 
Minimum I’t Rating (See Curve 11), t > 1 msec. (Non-Repetitive)............... 105,000 (RMS Ampere)? Seconds 
Thermal Resistance: Boje: COC.) wee Save O45 oe a Bierce ws BA Aus ardhna- ow wcegse dhe Bolo Be eaen oa .06°C/Watt 
Slorage: Temperature Tes ids ated a wicked cope tee giatein dos ate. ak ee aks kee arse abd sine wisi -40°C to +150°C 
Operating Junction Temperatures jos 0:5 esac. ce Goa val 6h ecb Doers Beara cel netsh se ad ccd eas gabe bee -40°C to +125°C 
Mounting Force: Reduired sao yn de dette il Sais Behn pues had wie eds feg ad NS eee yg 2000 Lbs + 10% 
8.9KN + 10% 
NOTES: 


1 Assumes a heatsink thermal resistance of less than 2.0°C/watt. 


2 Non-repetitive voltage and current ratings, as contrasted to repetitive ratings, apply for occasional or unpredictable overloads. For 
example, the forward surge current ratings are non-repetition ratings that are used in fault coordination work, 


3 Assumes a heatsink thermal resistance of less than 1.0°C/watt. 
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DEVICE SPECIFICATIONS A437 
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MOUNTING INSTRUCTIONS 


The General Electric Company offers the Series 2500, Press Pak, mounting clamp designed 


to facilitate single- or double-side cooling of all GE Press pak’s. 


Special features of this clamp: 


© Metal pivot insuring constant pressure in rugged applications over long periods. 


® One-piece phenolic insulator gives 1” nominal creep distance. 


@ Use of special Force Indicator Gauge eliminates need for torque wrenches, in- 


accurate “‘flex’’ gauges, and guesswork. 
No loose parts to complicate assembly. 


Single-side cooling terminal available upon request. 
Positive, non-binding swivel action. 


Various bolt lengths available to accommodate most mounting situations. 


Stiffening brace to reinforce heat sink available upon request. 


SUGGESTED MOUNTING METHODS FOR PRESS-PAKS TO HEAT DISSIPATORS 


When the Press-Pak is assembled to a heat sink in accord- 
ance with the following general instructions, a reliable and 
and low thermal resistance interface will result: 


1. Check each mating surface for nicks, scratches, flatness 
and surface finish. The heat dissipator mating surfaces 
should be flat within .0005 inch/inch 
face finish of 63 micro-inches. 


and have a sur- 


2. It is recommended that the heat dissipator mounting 
surfaces be plated with nickel, tin or silver. Bare alumi- 
num or copper surfaces will oxidize in time resulting 
in excessively high thermal resistance. 
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. Sand each surface lightly with 600 grit paper just prior 


to assembly. Clean off and apply silicone oil (GE 
SF1154 200 centistoke viscosity) or silicone grease 
(GE G322L or Dow Coming DC 3, 4, 340 or 640). 
Clean off and apply again as a thin film. (A thick film 
will adversely affect the electrical and thermal 
resistances.) 


. Assemble with the specified mounting force applied 


through a self-leveling, swivel connection. The force has 
to be evenly distributed over the full area. Center holes 
on both top and bottom of the Press-Pak are for locat- 
ing purposes only. 


Silicon 
RECTIFIER | Asoo 


3000 Volts 740 Amps Avg. 


The A500 Series of high power rectifier diodes feature the newly developed, 
multi-diffused technology in a new General Electric pressure-mounted 
package. 


FEATURES: 


High Current, High Voltage 

Pressure Contacts 

Glazed Ceramic Package with 1” Creepage Path 

Reversibility (eliminates need for special reverse polarity units) 
Hermetic Seal 

Available in Factory Assembled Heat Exchangers or Ready-to-Mount 


IMPORTANT: Mounting instructions on the last page of the C501 specification must be followed. 


MAXIMUM ALLOWABLE RATINGS 


REPETITIVE PEAK REVERSE | NON-REPETITIVE REVERSE 
VOLTAGE, Vaam VOLTAGE, Vasy 
Ty = -40°C to +175°C Ts = 0°C to +175°C 


ASOOLP 3000 Volts 3100 Volts 2600 Volts 
ASOOLT 2900 3000 2500 
ASOOLN 2800 2900 2400 
ASOOLS 2700 2800 2300 
ASOOLM 2600 2700 2200 
ASOOLE 2500 2600 2100 
ASOOLD 2400 2500 2000 
ASOOLC 2300 2400 1900 
ASOOLB 2200 2300 1800 
ASOOLA 2100 2200 1700 
ASOOL 2000 2100 1600 
ASOOPT 1900 2000 1500 
ASOOPN 1800 1900 1400 
ASOOPS 1700 1800 1300 
AS00PM 1600 1700 1200 


Vraru/Vesm 
Ty = -40°C to +200°C 


Average “Forward: Current i. 2.4 2.0: epi ie ben eS wh oe ee eS SR ee eee 8 740 Amperes, 1 Average 
Peak One-Cycle Surge Current... 0. 2 ee eee tees 10,000 Amperes 
Minimum I*t Rating (for times > 1.5 msec)... 0... eee eens 363,000 Ampere” Seconds 
Minimum I? Rating Gt S:3msec). oe cab oudea ds obo oe Kee ieee edb ewes 415,000 Ampere? Seconds 
Maximum Forward Voltage Drop (Tc = 150°C, 1000 Amps. Peak)... 0... 0.0. ce ccc ee eee 1.26 Volts 
Peak Reverse Leakage Current (Ty = 175°C, V = Rated VapM) .- ec eee eee et eee eee eee neees 35mA 
Maximum Thermal Resistance, Rays (1¢) (Double-Side Cooling)... 2.2... 0.0... 02 ee ee eee eee 0.06°C/Watt 
Storage: Temperature; Tepes. ee ace a 6 Ea CN are ee a ea ale Gi aUk BOERS Sn eae ee We a -40°C to +200°C 
Operating: Temperature, Tyvsia.. et wet aoe aud heey Waka MA wnetn sie ood deed eat ayia ae apa a 0°C to +175°C 
Mounting Force: Required oii) ck a fe ened Ge eee Gye We a Wr ee ele oe te SA RS Dae or a don ae 2200 Lhs. + 10% 
NOTES: 9.8 KN + 10% 


1 Assumes a heatsink thermal resistance of less than 1.1°C/watt. 


2 Non-recurrent voltage and current ratings, as contrasted to repetitive ratings which apply for occasional or unpredictable overloads. For 
example, the forward surge current ratings are non-recurrent ratings that are used in fault coordination work. 


607 


Cc 
) 
° 
fo) 


° 


a 
oO 


a 
° 


x 
° 


:NK TEMPERATURE - 


— 


%DUTY CYCLE=6.75 


ro) 
fe) 


a 
Lo} 


D 
fo] 


MAXIMUM ALLOWABLE 


AVERAGE FORWARD Ginna AMPERES 
1. AVERAGE FORWARD CURRENT VERSUS 
MAXIMUM ALLOWABLE SINK TEMPERATURE 


AVERAGE FORWARD POWER DISSIPATION - WATTS 


AVERAGE FORWARD CURRENT - AMPERES 
2. AVERAGE FORWARD POWER DISSIPATION 
VERSUS AVERAGE FORWARD CURRENT 


MAXIMUM ALLOWABLE CASE TEMPERATURE — °C 


° 100 200 300 
AVERAGE FORWARD CURRENT — AMPERES 


3. MAXIMUM HEAT EXCHANGER TEMPERATURE 
VERSUS AVERAGE FORWARD CURRENT 
FOR DOUBLE-SIDE COOLING 


THERMAL IMPEDANCE —°C/W 


A 
TIME -SECONOS 
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NOTES: 

1. Power “D"” adds .01°C/W to account for both case to 
dissipator interfaces, when properly mounted; e.g., R@js 
= ,06°C/W. See Mounting Instructions. 

2. DC Thermal Impedance is based on average full cycle 
junction temperature. Instantaneous junction temperature 
may be calculated using the following modifications. 
® end of conducting portion of cycle 

— 120° sq. wave add .0065°C/W along entire curve 

— 180° sq, wave add ,0047°C/W along entire curve 

— 180°sine wave add .0026 C/W along entire curve 
@ end of full cycle 

— any wave, subtract .0026°C/W along entire curve 


4. TRANSIENT THERMAL IMPEDANCE — 
JUNCTION-TO-CASE 
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Silicon 
RECTIFIER | aso 


2400 Volts 1000 Amps Avg. 


The A540 Series of high power rectifier diodes feature the newly developed, 
multi-diffusion technology in a new General Electric pressure-mounted 
package. 


FEATURES: 


High Current, High Voitage 

Pressure Contacts 

Glazed Ceramic Package with 1” Creepage Path 

Reversibility (eliminates need for special reverse polarity units) 
Hermetic Seal 

Availabile in Factory Assembled Heat Exchangers or Ready-to-Mount 


IMPORTANT: Mounting instructions on the last page of the C501 specification must be followed. 


MAXIMUM ALLOWABLE RATINGS 


REPETITIVE PEAK REVERSE | NON-REPETITIVE REVERSE 
VOLTAGE, Varm VOLTAGE, Vasu 
Ty = -40°C to +185°C T, = 0°C to +185°C 


Varm/ Vasu 
Ty = 185°C to 200°C 


AS5S40LD 2400 Volts 2500 Volts 2000 Volts 


AS40LC 2300 2400 1950 
AS40LB 2200 2300 1850 
AS40LA 2100 2200 1750 
AS40L 2000 2100 1700 


Lower voltages available — consult factory. 


Average Forward Current 2.0.0.0... cc eect ee cect ence eee e et een eeeeennes 1000 Amperes, 1® Average 
Peak One-Cycle Surge Current... 1... ee eee c eee ee eee ene ene 12,000 Amperes 
Minimum I*t Rating (for times > 1.5 MSEC) whys Bis otek aetna g dn share ae oa Wake e 285,000 Ampere? Seconds 
Minimum I?t Rating (at 8.3msec) ..... 00... cee cece cect eet eee nens 597,000 Ampere” Seconds 
Maximum Forward Voltage Drop (Tc = 160°C Case Temperature, 1000 Amps. Peak)...............20-5 1.08 Volts 
Peak Reverse Leakage Current (Ty = 200°C, V = Rated Vanm) ...-.- cece cece cece eee ee ee tenetenus 35mA 
Maximum Thermal Resistance, Rays (Double-Side Cooling)... 2.0.0... 0c ee ees 0.06°C/Watt 
Storage Temperature, TgpG. oe eee eee eee teeta eeeees -40°C to +200°C 
Operating Junction Temperature, Ty... 2.0.0... cc ee eee eee e ee eee nee -40°C to +200°C 
Mounting ‘Force: Required afiscicionc ts Sese. 8 aE byencnt aud vault dsb Op ne ds ais RAL dwald Ai al: 2200 Lbs. + 10% 

9.8 KN + 10% 
NOTES: 


1 Assumes a heatsink thermal resistance of less than 1.1°C/watt. 


2 Non-recurrent voltage and current ratings, as contrasted to repetitive ratings which apply for occasional or unpredictable overloads. For 
example, the forward surge current ratings are non-recurrent ratings that are used in fault coordination work. 
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3. MAXIMUM HEAT EXCHANGER TEMPERATURE 
VERSUS AVERAGE FORWARD CURRENT 
FOR DOUBLE-SIDE COOLING 


NOTES: 

1. Power “D" adds .01°C/W to account for both case to 
dissipator interfaces, when properly mounted; e.g.. RAs 
= .06°C/W. See Mounting Instructions. 

2. OC Thermal impedance is based on average full cycie 
junction temperature. Instantaneous junction temperature 
may be calculated using the following modifications. 

@ end of conducting portion of cycle 
— 120° sq. wave add .0065°C/W along entire curve 
— 180° sq, wave add ,0047°C/W along entire curve 
— 180 °sine wave add .0026 ‘CT/W along entire curve 
@ end of fuli cycle 
— any wave, subtract .0026°C/W along entire curve 


TIME— SECONDS 


4. TRANSIENT THERMAL IMPEDANCE — 
JUNCTION-TO-CASE 
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Silicon 
RECTIFIER 


600 Volts 1500A Avg. 


The A570 Series of high power rectifier diodes feature the proven, alloy- 
diffused construction used in a new General Electric pressure-mounted 
package. 


FEATURES: 


High Current Rectifier 

Pressure Contacts 

Glazed Ceramic Package with 1” Creepage Path 

Reversibility (eliminates need for special reverse polarity units) 
Hermetic Seal 

Available in Factory Assembled Heat Exchangers or Ready-to-Mount 


IMPORTANT: Mounting instructions on the last page of the C501 specification must be followed. 


MAXIMUM ALLOWABLE RATINGS 


avee REPETITIVE PEAK REVERSE VOLTAGE NON-REPETITIVE PEAK REVERSE VOLTAGE 
Varm, Ty = -40°C to +200°C Vasu. Ty = 0°C to +200°C 


AS70M 600 Volts 700 Volts 
500 600 
400 500 
300 400 
200 300 
100 200 


Average Forward Current ... 2.002000 0000 0c cc cece eee ence ence eee eeeeeneas 1500 Amperes, 16 Average 
Peak One-Cycle Surce:-Cuptent 5 « zese-as. Sd. lor eee Leste d Sa wee brie peda ewan ed ek ede ave lt 18,000 Amperes 
Minimum I?t (for times > 1.5 msec)... 00... cc eee ee ee eeeee 1,050,000 Ampere? Seconds 
Minions lot Hat 8, Smsee yes. os 6c ticchl a kale Ye Wh, eens Sug ete ok alas aieees we as 1,300,000 Ampere? Seconds 
Peak Forward Voltage Drop (Tc = 160°C, 1000 Amps. Peak) . 1.0.20... 0000 c ccc ccc e cece eeeceees 0.96 Volts 
Peak Reverse Leakage Current (Ty = 200°C, V = Rated Vagm) ... +. ee cece cece eceeecceeuceeesecues 50 mA 
Maximum Thermal Resistance, Rgyg (Double-Side Cooling). ... 0.0.2... c eee cece ee ceeuee .06°C/Watt 
BtOrage Temperature. Tapeh fs oer avacy ste op Seas y ore a Blais Ve Bod Goh Lrw kk Ow 41 des Ga be -40°C to +200°C 
Operating Junction Temperature, Ty... 22... eee eee ee cent eee ceucueteeees -40°C to +200°C 
Mounting Force Requined) ~ p14 a o2etaciea- 2d aake 6 oo08- 4 avd aden wi ok Bel eee Gee hab bodes 2200 Lbs. + 10% 

9.8 KN + 10% 
NOTES: 


1 Assumes a heatsink thermal resistance of less than 1.0°C/watt. 


2 Non-recurrent voltage and current ratings, as contrasted to repetitive ratings which apply for occasional or unpredictable overloads. For 
example, the forward surge current ratings are non-recurrent ratings are non-recurrent retings that are used in fault coordination work. 
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3. MAXIMUM HEAT EXCHANGER TEMPERATURE 
VERSUS AVERAGE FORWARD CURRENT 
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NOTES: 

1. Power 'D” adds .01°C/W to account for both case to 

aie! interfaces, when properly mounted; e.g., Rss 
.06°C/W. See Mounting Instructions. 

2. DC Thermal Impedance is based on average fuil cycle 
junction temperature. Instantaneous junction temperature 
may be calculated using the following modifications. 
© end of conducting portion of cycle 

— 120° sq. wave add .0065°C/W along entire curve 

— 180° sq, wave add ,0047°C/W along entire curve 

— 180 °sine wave add .0026 C/W along entire curve 
© end of full cycle 

— any wave, subtract .0026°C/W along entire curve 
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4. TRANSIENT THERMAL IMPEDANCE — 
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6. SUB-CYCLE PEAK SURGE ON-STATE CURRENT 


MAXIMUM SURGE CURRENT FOLLOWING 
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RATED LOAD CONDITIONS 


RATED LOAD CONDITIONS 
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High Speed 
Fast Recovery Rectifier | 596 


750A Avg., Up to 1400 Volts 


The A596 high power rectifier diode is designed for use in high frequency 
applications — or wherever a fast/soft recovery performance is required. The 
A596 is rated to 5 KHz. 


FEATURES: 


Reverse Blocking Voltage to 1200 Volts 

Soft Recovery With Low Recovered Charge 

Pressure Contacts 

Diffused Construction 

Glazed Ceramic Package with 1” Creepage Path 

Reversibility (eliminates need for special reverse polarity units) 
Fully Characterized to 5 KHz 

Available in Factory Assembled Heat Exchangers or Ready-to-Mount 


{MPORTANT: Mounting instructions on the last page of the C501 specification must be followed. 


MAXIMUM ALLOWABLE RATINGS 


TRANSIENT PEAK REVERSE 
VOLTAGE, Vasn? (NON- PEAK REVERSE LEAKAGE CURRENT 
RECURRENT 5 MSEC MAX.) 
T) = -40°C to +175°C 


REPETITIVE PEAK REVERSE 
VOLTAGE, Varm! 
Ty = -40°C to +175°C 


AS9I6N 800 Volts 900 Volts 
AS96T 900 1000 
AS96P 1000 1100 
AS96PA 1100 1200 
AS96PB 1200 1300 
A596PC 1300 1400 
AS96PD 1400 1500 


Average Forward Current .. 1.0... 0 cc ee ec ee ne eee ene ene ee eee 750 Amperes, 1 Average 
Peak One-Cycle Surge Current... 2... ee eee eee eee eee eee 10,000 Amperes 
Minimum I*t Rating (for times > 1.5 msec). ... 0.00... eee ee eee eens 320,000 Ampere? Seconds 
Minimunt Ft Rating: (at: 8:3 mise0) 0c. a kee 5a aS ee AE a 8 we Be ead a geared 415,000 Ampere? Seconds 
Maximum On-State Voltage Drop (Ip = 3500 Amps, Ty = 125°C) 2... eee 2.3 Volts 
Maximum Thermal Resistance, Rgyg (1¢) (Double-Side Cooling)... 22.0.2... 0.0.0 cee eee eee 0.06°C/Watt 
Storage Temperaturey Tae eccc aa ic ase emis we ae Ree Eee Peter d at cur Acicadd’d 9 weed -40°C to +200°C 
Operating Temperature, Ty 20... ee ee eee ne eee pennies -40°C to +175°C 
Mounting: Force: Required (ios. 5. ssc. cd dee cud 6 inter Ward Pelee Sede EE AS cee Aas dee aes 2200 Lbs. + 10% 

9.8 KN + 10% 
NOTES: 


1 Assumes a heatsink Thermal Resistance of. less than 1.1°C/watt. 


2 Non-recurrent voltage and current ratings, as contrasted to repetitive ratings which apply for occasional or unpredictable overloads, For 
example, the forward surge current ratings are non-recurrent ratings that are used in fault coordination work, 
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NOTES: 

1, Add .01°C/W to account for both case to dissipator 
interfaces, when properly mounted; e.g.,R@ Js = -06° 
C/W. See Mounting Instructions. 

2, DC Thermal Impedance is based on average full cycle 
junction temperature. Instantaneous junction temper- 
ature may be calculated using the following modi- 
fications. 
® end of conducting portion of cycle 

— 120° sq. wave add .0065°C/W along entire curve 

— 180° sq. wave add .0047°C/W along entire curve 

— 180° sine wave add .0026°C/W along entire curve 
® end of full cycle 

— any wave, subtract .0026°C/W along entire curve 
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NOTE: 

|.GLAZED CERAMIC INSULATOR 
WITH 1.00 INCH MIN. SURFACE 
CREEPAGE (25.40mm) 


High Power 

seh | Aso 
oa A640 

Rectifier 

2100 Volts 1500A Avg. 


The A640 Series of high power rectifier diodes feature the newly developed, 
multi-diffused technology in a new General Electric pressure-mounted 
package. 


FEATURES: 


High Current, High Voltage 

Pressure Contacts 

Glazed Ceramic Package with 1” Creepage Path 

Reversibility (eliminates need for special reverse polarity units) 
Hermetic Seal 

Available in Factory Assembled Heat Exchangers or Ready-to-Mount 


IMPORTANT: Mounting instructions on the last page of the C501 specification must be followed. 


MAXIMUM ALLOWABLE RATINGS 


REPETITIVE Vann 
TYPE 7 


T, = 0°C to +185°C 


T, = -40°C to +200°C 


A640LA 2100 Volts 1800 Volts 
A640L 2000 1700 
A640PT 1900 1600 
A640PN 1800 1500 
A640PS 1700 1400 
A640PM 1600 1300 
A640PE 1500 1200 
A640PD 1400 1100 
A640PC 1300 1000 
A640PB 1200 900 
A640PA 1100 800 


A640P 1000 700 


Average Forward Current .. 0... 0... ee ete 1500 Amperes, 1 Average 
Peak One-Cycle Surge Current... 2... ee ee ee et ete ee teens 16,000 Amperes 
Minimum I?t Rating (at 8.3 msec)... 2... ....0 00 tenets 1,062,000 Ampere? Seconds 
Maximum On-State Voltage Drop (at 1000 Amps.) ........... 0.0.2.2 c ec eee ees 0.935 Volts 
Peak Reverse Leakage Current (Ty = 200°C, V = Rated Vapm) +--+ ee cece eee tet e tte 50mA 
Maximum Thermal Resistance (Double-Side Cooling).... 2.2.2.0... 0. 2c ce eee 0.045°C/Watt 
Storage Temperature, TgpG. oc te ee eee ene -40°C to +200°C 
Operating Junction’ Temperature, Tyo ito scan deco eae dg ooh ews bata d Dew wae SS -40°C to +200°C 
Mounting Force Required... 2... ee ee een eee ee eee eee 4000 Lbs. + 10% 

17.8 KN £10% 
NOTES: 


1 Assumes a heatsink dissipation of less than 1.1°C/watt. 


619 


MAX. ALLOWABLE SINK TEMPERATURE - °C 


AVERAGE POWER DISSIPATED WATTS 


TEMPERATURE - °C 


MAX. ALLOWABLE SINK 


= 160°C 


Peas 
Beer ag ae /,// 


i a el cae a 
an a S/S 
TSS 
EASES 


39,120° 
CONDUCTION 


120, 30° 


Le ee ee ee 
-}__ ABS CONDUCTION 


500 1,000 
AVERAGE FORWARD CURRENT - AMPERES 
1. MAXIMUM ALLOWABLE HEAT SINK 
TEMPERATURE FOR SINUSOIDAL COOLING 
WAVEFORM — SINGLE-SIDE COOLING 


| currenr waveroxms | | | | [| Yieew | Y 

WHA 3..120° CONDUCTION Liar abbas 

PE TT Ty VET sey 

6 ,6oeconouction , [/[| | Yi | [| #1 | 

PEELE ee 

by | 12, 30°conbucTION J IA | LA 1 [foc] 

H+ +++ 4A 4A 

Beene anes 

Saad 

A EH vere 4 
Hae 4. arate 

z 

|_| 


1,500 
1400 
1,300 
ll 
hI bo 
000 
900 
800 
700 
600 
500 
400 
300 


a 
|| 
NS 


pall 
PRSES 44 oe 2S RRs 
ee 22 a eee 
aay A2de See aes 
(22 anaes 
fe) 100 +200 300 400 500 600 700 800 900 1,000 
AVERAGE FORWARD CURRENT ~ AMPERES 


3. AVERAGE POWER DISSIPATION CURVES 


| | | | Ea 
sor_| | | J CEN ASIST 
70}-— | | | | | VW A TNA PSSST 
i 614% | | 25% 1 50% 

12I/2% 33173 IJ3% 


AVERAGE FORWARD CURRENT - AMPERES 


5. MAXIMUM ALLOWABLE HEAT SINK 
TEMPERATURE FOR RECTANGULAR CURRENT 
WAVEFORMS — SINGLE-SIDE COOLING 


MAX. 


AVERAGE POWER DISSIPATED -WATTS 


ALLOWABLE SINK TEMPERATURE-° C 


Bm 
eee 
Ee oS a a as 
YT | {| yh > Zw 
+4 3epH_| | | foc] 
Lt, | TT = Yt {fl 
te x a il a 


AVERAGE FORWARD CURRENT -AMPERES 
2. MAXIMUM ALLOWABLE HEAT SINK 
TEMPERATURE FOR SINUSOIDAL CURRENT 
WAVEFORM — DOUBLE-SIDE COOLING 


Lect PSE gh see al te ae ST eae PS ES 
peta teore =e (ETT epee Pelle Te I 


3,000 


AVERAGE FOAWERG. CURRENT- aicenes 
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9. SUBCYCLE SURGE CURRENT 
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8. EXTENDED POWER DISSIPATION CURVES FOR 
RECTANGULAR CURRENT WAVEFORMS 
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NUMBER OF SUCCESSIVE HALF CYCLES 


10. MULTICYCLE SURGE CURRENT 


NOTES: 

1, Add .0075°C/W to account for both case to dissipator 
interfaces when properly mounted; eg., R@ys = 
.045°C/W. 

2. DC Thermal Impedance is based on average full cycle 
junction temperature. Instantaneous junction temper- 
ature may be calculated using the following modi- 
fications: 

@ end of conducting portion of cycle 
— 120° sq. wave add .0044°C/W along entire curve 
— 180° sq. wave add .0032°C/W along entire curve 
— 180° sine wave add .0018°C/W along entire curve 
© end of full cycle 
— any wave, subtract .0018°C/W along entire curve 


11. TRANSIENT THERMAL IMPEDANCE — 
JUNCTION-TO-CASE 
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HIGH SPEED 


Fast Recovery Rectifier A696 


2000 Volts 1000Amps 


The A696 Series of high power rectifier diodes is designed for use in high 
frequency applications (up to 5 KHz); or wherever a fast/soft recovery per- 
formance is required. It is recommended as a companion feedback device 
for the C712 thyristor. 


FEATURES: 
e Reverse blocking voltage to 2000 Volts © Reversibility (eliminates need for special reverse polarity units) 
e Press-Pak Design for Double-Side Cooling e Available in Factory Assembled Heat Exchangers or Ready-to-Mount 


e Glazed Ceramic Package with 1” Creepage Path Three Microseconds Typical Recovery Time 
MAXIMUM ALLOWABLE RATINGS 


Tine REPETITIVE Van! REPETITIVE Vag! 
Ty = -40°C to +150°C Ty = 0°C to +150°C 


A696L 2000 Volts 2100 Volts 


A696PT 1900 2000 
A696PN 1800 1900 
A696PS 1700 1800 
A696PM 1600 1700 


A696PE 1500 1600 


Average Forward Current 2... 0.0... eee eee eee eee eee 1600 Amperes, 1® Average 
Peak One-Cycle Surge Current... 2. 0 ne eee eee eens 14,000 Amperes 
Maximum On-State Voltage Drop (at 1000 Amps, 25°C)... 0.0... 1.9 Volt 
Peak Reverse Leakage Current (Ty = 150°C, V = Rated Vago)... cece ccc eect ett e eee eens 50 mA 
Maximum Thermal Resistance, Rgyc, Double-Side Cooling (DC). ... 2.2.2.0... 00. ee ee 036°C/Watt 
Storage Temperature, Tyg... ne ne eee ne eee eee -40°C to +150°C 
Operating Junction Temperature, Ty... 0... eee eee eee -40°C to +150°C 
Mounting Force Required... 1... ee ee ee eee eee 3500 — 4200 Lbs. 

15.6 — 18.7 Kn 
Switching, Conduction and Recovery Losses ......-.. 0.0 eee eee eee Consult Factory 
NOTE: 


1 Assumes a heatsink dissipation of less than 1.1°C/watt. 
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» The reliable 
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rectifier 


The best way to assure reliability in a low- 
current rectifier pellet is to put it in a 
package that really protects it. Protects 
it from shock, humidity, vibration and 
temperature. 


And that’s just what we do with General 
Electric’s glassivated 1-amp (A14) and 
3-amp (At5) rectifiers. Solid glass pro- 
vides passivation and protection of the 
silicon pellet’s P-N junction—no organic 
material is present within the hermetically 
sealed package. In addition, rigid mechani- 
cal support and excellent thermal character- 
istics are provided by the dual heat sink 
construction. 


For high-frequency applications, GE offers a fast- 
recovery rectifier, the 1-amp A114, with a 200 nsec. 
max, reverse recovery. 


Sili [A201 
Rectifier Stacks [azo | 


High Efficiency — Up to 99% in certain applications. 

Excellent Regulation — Forward voltage drops of less than one volt per cell. 

Low Leakage — Excellent for magnetic amplifier applications. 

Wide Range of Operating and Storage Temperatures — Will operate from — 65°C to 175°C. 
No Aging — Extremely long life — no transformer taps required — high reliability. 

Rugged Construction — Meets stringent military environmental tests. 

Small Size — Greatly reduces space and weight requirements. 


Complete Packaged Rectifier Circuit— Requires only mounting bolts and electrical con- 
nections. No special fin design or insulating hardware. 


Dependability — Backed by a General Electric one year written warranty. 


Versatility — 140 stacked combinations with DC outputs up to 32.4 amperes to meet a 
variety of circuit conditions. Special circuits can be designed to your order. 
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PEAK HALF SINE WAVE FORWARD CURRENT AMPERES 
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tLine to Center tap. 
For negative output change second to last letter to ‘“B"’. 
For example: A2011BC2BD1 


Maximum Operating Ratings, Resistive ; ; 

or Inductive Load, 60 CPS Sinusoidal os eumna se del Was faite uh aan t 
at 55°C Ambient. For Other Ambient 

Conditions, Use Chart No. 1 
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SINGLE PHASE BRIDGE* 
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AMPLIFIER BRIDGE* 
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tNeglecting gate winding drop. 
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AC 
AC 
TERMINAL TERMINAL 
COLOR CODE COLOR CODE 
YELLOW - RED YELLOW - BLACK 
AC AC 
+ = 
AC 


THREE PHASE HALF WAVE* 
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tLine to Neutral. 
For negative output change second to last letter to ‘’B’’. 
For example: A2011FS1BD1 
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tLine to Center Tap. 
For negative output change second to last letter to “‘B’’. 
For example: A2011BC2BD1 


Maximum Operating Ratings, Resistive 

or Inductive Load, 60 CPS Sinusoidal NOTE: PI desi full stack nuecbe 
at 55°C Ambient. For Other Ambient by praceding Medel Ma, desired with “A2011.¢ 
Conditions, Use Chart No. 1 
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“a 
Rectifier Stacks 
Up to 600 peak reverse volts (PRV) per cell 


Up to 9.4 amps DC output per leg free 
convection rating 


TERMINAL 
209 +008 COLOR CODING 
==_ 7 18004015 RED = + 
RECOMMENDED MOUNTING POSITION 975+.005 BLACK = — 
AS SHOWN. YELLOW = AC 


fg 187.005 

CL ae 
400t O18 

VIEW A-A' 
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--—-——— "4 100 


OUTLINE DRAWING-A25i1 


Features 


High Efficiency— Up to 99% in certain applications. 

Excellent Regulation—Forward voltage drops of less than one volt per cell. 

Low Leakage—Excellent for magnetic amplifier applications. 

Wide Range of Operating and Storage Temperatures— Will operate from —65°C to 175°C. 
No Aging— Extremely long life—no transformer taps required—high reliability. 
Rugged Construction—Meets stringent military environmental tests. 

Small Size—Greatly reduces space and weight requirements. 


Complete Packaged Rectifier Circuit—Requires only mounting bolts and electrical connections. 
No special fin design or insulating hardware. 
Dependability—Backed by a General Electric one year written warranty. 
Versatility—164 stacked combinations with DC outputs up to 50 amperes to meet a variety of circuit 
conditions. Special circuits can be designed to your order. ii 
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PERCENT OF RATED STACK CURRENT AT 55°C FREE CONVECTION AMBIENT 


INSTANTANEOUS FORWARD CURRENT—AMPERES 


FORCED AIR AND ELEVATED 
TEMPERATURE RATINGS AT 

40| MAXIMUM VOLTAGE (INDUCTIVE OR 
RESISTIVE LOAD AT SEA LEVEL) 


20 40 60 80 100 120 140 60 
AMBIENT TEMPERATURE °C 


CHART NO. 1 
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CHART NO. 2 
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PEAK HALF SINE WAVE FORWARD CURRENT AMPERES 


FORWARD SURGE CURRENT-AMPERES RMS 
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INSTANTANEOUS REVERSE VOLTAGE-VOLTS 


CHART NO. 3 


MAXIMUM ALLOWABLE SURGE CURRENT 
PER FIN AT RATED LOAD CONDITIONS — 
(NON-RECURRENT) 


FOR SUB-CYCLE SURGE 
DURATION (LESS THAN 


~- | CYCLE) USE CURVE YI 


2.0 40 6.0 ite) 20 40 60 
CYCLES AT 60 C.PS. 


NOTE: 
WHEN FINS ARE OPERATED IN PARALLEL 


REDUCE SURGE RATING BY 10% PER FIN 


CHART NO. 4 
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PULSE TIME ~ MILLISECONDS 


CHART NO. 5 


SINGLE PHASE HALF WAVE* 


A251 Outline 
Series Dimensions AC Input DC Output 
Model No. “EL (tn) RMS Voits Volts Amps 
FHIADI 3.006 35 15 9.4 
FHIAD2 3.492 35 15 16.9 
AHIADI 3.006 70 3 9.4 
AHIAD2 3.492 70 3t 16.9 f 
BHIADI 3.006 140 62 9.4 
BHIAD2 3.492 140 62 16.9 
CHIADI 3.006 210 94 9.4 
CHIAD2 3.492 210 94 16.9 
* . . ; DHIADI 3.006 280 125 9.4 
Maximum Operating Ratings, DHIAD2 3.492 280 125 16.9 
Resistive or Inductive Load, EHIADI 3.006 350 157 9.4 
‘ ‘ EHIAD2 3.492 350 157 16.9 
60 CPS Sinusoidal at 55°C > 
- . MHIADI 3.006 420 188 9.4 

Ambient. For Other Ambient acess papas is es ‘as 

Conditions, Use Chart No. 1 DHeADI 2 aes eh 21 aia 
DH2AD2 4.515 560 251 16.9 
CH3ADI 4.510 630 282 9.4 
CH3AD2 6.004 630 282 16.9 
EH2ADI 3.489 700 314 9.4 om 
EH2AD2 4.515 700 314 16.9 
MH2AD1 3.489 840 377 9.4 
MH2AD2 4.515 840 377 16.9 
MH3ADI 4.510 1260 564 9.4 
MH3AD2 6.004 1260 564 16.9 


a) 


A25tt Outline 
Series Dimensions AC Inputt DC Output 
Modet No. “L” (in) RMS Volts ~ Volts Amps 
FCIADI 3.512 17.5 14 18.8 
FCIAD2 4.961 17.5 14 33.8 
ACIADI 3.542 35.0 30 18.8 
AC{AD2 4.961 35.0 30 33.8 
BCIADI 3.512 70.0 62 18.8 
BCIAD2 4.961 70.0 62 33.8 
CCIADI 3.512 105.0 93 18.8 A C 
CCIAD2 4.961 105.0 93 33.8 
OCIADI 3.512 140.0 125 18.8 
DCIAD2 4.961 140.0 (25 33.8 
NOTE: Please designate full EGiADI ea i7ks jag ‘an 
stack number by preceding ECIAD2 4.961 175.0 156 33.8 
Model No. desired with MCIADI 3.512 210.0 188 18.8 + 
MCIAD2 4.961 210.0 188 33.8 
eae: DC2ADI 4.998 280.0 250 18.8 
DCG2AD2 6.996 280.0 250 33.8 A C 
CC3ADI 5.484 315.0 280 18.8 
CC3AD2 10.011 315.0 280 33.8 
EC2aDI 4.998 350.0 313 18.8 
EC2AD2 6.996 350.0 313 33.8 
MC2ADI 4.998 420.0 376 18.8 
MC2AD2 6.996 420.0 376 33.8 
MC3ADI 5.484 630.0 564 18.8 
MC3AD2 10.011 630.0 564 33.8 


tLine to Center tap. <i 
For negative output change second to last letter to ‘“B’’. 
For example: A2511BC2BD1 


SINGLE PHASE BRIDGE* 


A2sit Outline 
Series Dimensions AC Input DC Output 
Model No. #7” (In) RMS Volts Volts Amps 
FBIAD! 4.515 35 29 18.8 
FBIAD2 7.502 35 29 33.8 
ABIAD! 4.515 70 6! 18.8 
ABIAD2 7.502 70 6t 33.8 
BBIADI 4.515 140 124 18.8 
BBIAD2 7.502 140 (24 33.8 A C 
CBIADI 4.515 210 (87 18.8 
CBIAD2 7,502 210 187 33.8 
DBIAD!I 4.515 280 250 18.8 
DBIAD2 7.502 280 250 33.8 
EBSADt 4.515 350 313 18.8 
EBIAD2 7.502 350 343 33.8 
MBIADI 4.515 420 376 (8.8 A C 
MBIAD2 7.502 420 376 33.8 
OB2ADI 7.027 560 502 (8.8 
CB3ADI 9.519 630 564 18.8 
EB2ADI 7.027 700 628 18.8 
MB2AD/ 7.027 840 754 18.8 
MB3AD1 9.519 {260 (130 18.8 


SINGLE PHASE MAGNETIC 
AMPLIFIER BRIDGE* | 


beth Dutling AG Input DC Output 

Series Dimensions 
Medel No. “EL” Ga.) RMS Volts “fVolts Amps TERMINAL TERMINAL 
FMIADI 4.478 35 29 18.8 COLOR CODE COLOR CODE 
FMIAD2 7.502 35 29 33.8 YELLOW - RED YELLOW ~ BLACK 
AMIADS 4.478 70 6 18.8 
AMIAD2 7.502 70 6 33.8 
BMIADI 4.478 140 124 18.8 
BMIAD2 7.502 140 124 33.8 
CMIADI 4.478 210 187 18.8 
CMIAD2 7.502 20 (87 33.8 AC AC 
DMIADI 4.478 280 250 18.8 
DMIAD2 7.502 280 250 33.8 + 
EMIADI 4.478 350 313 18.8 
EMIAD2 7.502 350 313 33.8 
MMIADI 4.478 420 376 18.8 
MMIAD2 7.502 420 376 33.8 AC 
DM2ADI 6.990 560 502 18.8 
DM3ADI 9.482 630 564 18.8 
EM2ADI 6.990 700 628 18.8 
MMZADI 6.990 840 754 18.8 
MM3ADI 9.482 1260 1130 18.8 


tNeglecting gate winding drop. 


NOTE: Please designate full stack number 
by preceding Model No. desired with “A2511.” 
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THREE PHASE HALF WAVE* 


A2511 Outline 
Series Dimensions AC Inputt 
Medet No. “Ur Cin.) RMS Voits 
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tLine to Neutral. 
For negative output change second to last letter to ‘’B’’. 
For example: A2511FS81BD1 


THREE PHASE BRIDGE* 


Outline 
Dimensions AC Inputt 


“kL Cin.) RMS Volts 


FFIADI 
FFIAD2 
AFIADI 
AFIAD2 
BFIADI 
BFIAD2 
CFIADI 
CFIAD2 
OFIADI 
OFIAD2 
EFIADI 
EFIAD2 
MFIADI 
MFIAD2 
DF2ADI 
EF2ADI 
MF2A01 


thine te Line. 
For negative output change second to last letter to ‘‘B’’. 
For example: A2511BC2BD1 


SIX PHASE STAR* 


A2Si1 Outline 
Series Dimensions AC Inputt 
Model No. eu’ Cin.) RMS Volts 
FSIADI 
AStAO0! 
BStADI 
CSIADI 
OSIADI 
ESIAD! AC + 
MSIADI 
DS2ADIt 
ES2ADt 
MS2ADI 
tLine to Center tap. ’ 


For negative output change second to last letter to ‘’B'’. 
For example: A2511BC28D1 


NOTE: Please designate full stack number 


* Maximum Operating Ratings, Resistive or Inductive by preceding Model No. desired with “A251.” 


Load, 60 CPS Sinusoidal at 55°C Ambient. For 
Other Ambient Conditions, Use Chart No. 1 
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ADDITIONAL RATING AND SPECIFICATION PER FIN 


A2511F A 8 c D E M 

Maximum Allowable Transient Peak Reverse Voltage* . . . 100 200 350 450 600 700 800 volts 

(Non-recurrent 5 millisec. max. duration) eck 
Maximum Allowable Peak Reverse Voltage* (Repetitive) . . 50 100 §=6.200 S300 400) 500 ~— 600 volts 
Maximum Allowable DC Blocking Voltage* 

(At Maximum Ambient of 150°C) . . . 2. 2. 1 50 100 §=6.200)=— 3300 3 400)S 5500S 600 volts 
Maximum Full Load Voltage Drop* 

(9.4 A. DC Single Phase, Full Cycle Aver., 55°C Amb.) . 5 Volts DC 


Maximum Leakage Current At Full Load** 
(Single Phase, Full Cycle Average) . . . . . 


1% Ratings (For Fusing) at Rated Forward Current and PRV for 
t greater than .0008 seconds and less than .0083 seconds Min. 60 Ampere’sec. (T, = — 65°C to +200°C) 


3.0 2.5 200 1.75 1.5 1.25 1.0ma 


Ambient Temperature Range . . 1. 7 1 ww ee ee ee ew  G5°S to £175°C 
Storage Temperature Range bob AE So Ge Rs a ee ae on ea Ghee SPE to. EV EOC 
Maximum Operating Frequency . 2. 2. 2. 2. 2 1 7 ee ee ee ee ee) «50,000-cps 
* Per Series Cell Determine Series and Parallel Cells as Follows 
**Per Parallel Cell g—— Number of Series Cells 
A2511FH1AD1 


T. Number of Parallel Cells 


NOTE: In practical circuits the transient peak reverse voltage (PRV) rating of each leg 
in a rectifier stack should be approximately three times the operating peak voltage of 
the circuit. This precaution is necessary because of the possibility of transient voltage 
peaks in excess of the operating peak reverse voltage. The RMS voltage ratings for stacks 
on the preceding pages are based on the assumption that special precautions have been 
taken to minimize transient voltages. 


Max. Hi-Pot Voltage to 


Mounting Brackets. 2. 2 1. 1 ww we ee + «62600 V. RMS @ 25°C Amb., Sea Level 
Mechanical Shock . . . . . . . . « « . «~~~ ~©Depends upon number of Fins per stack — For specific infor- 
mation, consult your General Electric District Sales Manager. 
Vibration 2. 6 ww ew ew www ee ee +) MIL-STD-202 A 10G Max. 10-50 CPS 
2 Hours in each plane. 
Salt Spray . 2 2 1 1 ww we we ee ee +) MIL-STD-202 A, Method 101A, 96 hours 
Humidity . . . 2... 1 1 1 1 1 ee ) MIL-STD-202 A, Method 103A, 240 hours 


APPROXIMATE STACK WEIGHT 


Number of Fins Pounds 
.40 


NVUAA AWN — 
ed 
fo] 
NO 


—_— 
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Silicon 
Rectifier Stacks 


High Conversion Efficiency —Up to 99% in certain 
applications. 


Excellent Regulation — Forward voltage drops of less 
than one volt per cell. 


Low Reverse Current — Excellent for magnetic ampli- 
fier applications. 


Wide Range of Operating and Storage Temperatures 
— Will operate from — 65°C to 175°C. 


No Aging — Extremely long life — no transformer taps 
required — high reliability. 


Rugged Construction — Meets stringent military en- 
vironmental tests. 


Small Size — Greatly reduces space and weight re- 
quirements. 


Complete Packaged Rectifier Circuit — Requires only 
mounting bolts and electrical connections. No 
special fin design or insulating hardware. 


Dependability — Backed by a General Electric one 
year written warranty. 


Versatility — 171 stacked combinations with DC out- 
puts up to 108 amperes to meet a variety of 
circuit conditions. Special circuits can be designed 
to your order. 
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A3512 SERIES 


200% 


180% 


160% 


140% 


100% 


80% 


60% 


40% 


FORCED AIR AND ELEVATED TEMP 
RATINGS AT MAXIMUM VOLTAGE 


RESISTIVE OR INDUCTIVE 
LOAD AT SEA LEVEL 


20% 


PERCENT OF RATED STACK CURRENT AT 55°C FREE CONVECTION AMBIENT 


20 4 60 80 too 120 190 160 {80 
AMBIENT TEMPERATURE IN °C 
CHART NO.1 
300 
200 
100 
a 3 
ut 
i 
u 
5 
E. 
Q 
g 
z 
é MAXIMUM AND TYPICAL 
3 INSTAN TANEOUS 
Bo FORWARD VOLTAGE DROP 
z PER FIN 
EMPERATURE * 200°C 
EMPERATURE «25°C 
d 
° 8 lo ts 20 25 3.0 
INSTANTANEOUS FORWARD VOLTAGE DROP— VOLTS 
CHART NO. 2 
25 


MAXIMUM LEAKAGE CURRENT PER FIN 
JUNCTION TEMPERATURE 25°C TO 200°C 


nN 
°o 


a 


= 
es 
Zz 


fs 


200 


INSTANTANEOUS INVERSE CURRENT - MA 
3 


300 400 500 
INSTANTANEOUS INVERSE VOLTAGE- VOLTS 


CHART NO. 3 


FORWARD SURGE CURRENT-AMPERES RMS 


v 
° 
o 


el 
FOR SUB-CYCLE SURGE DURATION 
{LESS THAN 1 CYCLE) USE I 
RATING (CHART NO. 5) 
100 


PEAK HALF SINE WAVE FORWARD CURRENT—AMPERES 


' 2 4 6 8 10 20 


CYCLES AT 60 CPS 
NOTE — 
WHEN FINS ARE OPERATED 
IN PARALLEL, REDUCE SURGE 
RATING BY 10%» PER FIN 


CHART NO. 4 


500 


MIN. I2¢ RATING 
250 AMP2 SEC. 


400 


8 
3° 


200 


1oo| MAXIMUM ALLOWABLE SURGE 
©°/cURRENT PER FIN IN RMSA 
(NON RECURRENT) 


| 2 4 


6 8 10 20 3040 60 80100 
PULSE TIME — MILLI SECONDS 


CHART NO. 5S 


MAXIMUM ALLOWABLE NON—RECURRENT 
SURGE CURRENT AT RATED LOAD 
CONDITIONS. 


6.0 


rd 
o 


ra 
° 


SEE PUBLICATION ECG469 ENTITLED“ POWER 
|____ SEMICONDUCTOR RATINGS UNDER TRANSIENT AND 
INTERMITTENT LOADS? 


rs 
aw 


a» 
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rn] 
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MAXIMUM TRANSIENT THERMAL RESISTANCE 
| —_ FOR OPTIMUM RATINGS AND FURTHER INFORMATION 


FREE 
CONVECTION 
}__t 


S00 FT/ MIN. | 


[+--+ 


$ 


np 
a 


isd 
° 


a 


5 


TRANSIENT THERMAL RESISTANCE - °C / WATT 


w 


001 O81 On Lo 10 


TIME {t) SECONDS 
NOTE: 


CURVE DEFINES TEMPERATURE RISE OF JUNCTION ABOVE AMBIENT 
FOR SINGLE LOAD PULSE OF DURATION t. PEAK ALLOWABLE 


200 4006008001000 


DISSIPATION IN RECTIFIER FOR TIME t IF STARTING FROM AMBIENT 
TEMPERATURE EQUALS 200°C (MAX. Tj) MINUS MAXIMUM AMBIENT 
TEMPERATURE OIVIDED BY THE TRANSIENT THERMAL RESISTANCE: 
e ~ 200°C -TAMBIENT 

PEAK 


CHART NO.6 


RECOMMENDED MOUNTING -265 
POSITION AS SHOWN. 


2.000 
3.000+.015 
.500 
| 600 +.015 
VIEW A-A' 265 ee 


‘Gated 
825 t 
REF 


= oe 


5.000+.020 
6.652+¢ O7C 


-906% .032 


Aton _ 1.000¢.015 
ke——_—_____—"L"+ 100 eee es 


-360 MIN. 
5.000+ .020 


SINGLE PHASE HALF WAVE SINGLE PHASE CENTER TAP 


43A3512 


Outline 


Serles Dimensions AC Input 
Model No. “L” (in) RMS Volts 
FHIAD! 
FHIAD2 
FHIAD3 15 54 
AHIADL 30 28 
AHIAD2 30 36 
AHIAD3 30 54 
BHIADI 62 20 
BHIAD2 62 36 
BHIAD3 62 54 
CHIADI 93 20 
CHIAD2 93 36 
CHIAD3 93 54 
DHIADI 125 20 
DHIAD2 $25 36 
DHIAD3 125 54 
EHIAD! 156 20 
EHIAD2 (56 36 
EH!AD3 6.000 350 156 54 
MHIADI 4.012 420 187 20 
MHIAD2 5.000 420 187 36 
MHIAD3 6.000 420 187 54 
DH2AD! 4.512 560 250 20 
DH2AD2 6.000 560 250 36 
DH2AD3 8.012 560 250 54 
CH3ADI 5.500 630 281 20 
CH3AD2 7.500 630 281 36 
CH3AD3 10.500 630 281 54 
EH2ADI 4.512 700 313 20 
EH2AD2 6.000 700 313 36 
EH2AD3 8.012 700 313 54 
MH2AD1 4.512 840 376 20 
MH2AD2 6.000 840 376 36 
MH2AD3 8.012 840 376 54 
MH3ADI 5.500 1260 564 20 
MH3AD2 7.500 1260 564 36 


MH3AD3 


10.500 | 1260 564 54 | 


*Maximum Operating Ratings, Resistive 
or Inductive Load, 60 cps Sinusoidal 
at 55°C Ambient. For Other Ambient 
Conditions, Use Chart No. 1 


4JA3512 
Series 


FCIADE 
FCIAD2 
FCIAD3 


ACIADE 
ACIAD2 
ACiAD3 


BCIAD!I 
BCtAD2 
BCIAD3 


CCIADI 
CCIAD2 
CCIAD3 


DCIADI 
DCIAD2 
DCIAD3 


ECIADI 
ECIAD2 
ECIAD3 


MCIADI 
MCIAD2 
MCIAD3 


DC2ADi 
DC2AD2 
DC2AD3 


CC3ADI 
CC3AD2 


EC2AD)1 
EC2AD2 
EC2AD3 


MC2AD1 
MC2AD2 
MC2AD3 


MC3ADI 
MC3AD2 


Model No. 


Outline 
Dimension 
“L” (tn) 


6.500 


6.500 
8.000 


5.000 
6.500 
8.000 


5.000 
6.500 
8.000 


5.000 
6.500 
8.000 


5.000 
6.500 
8.000 


6.500 
9.500 
13.000 


7.500 
13.000 


6.500 
9.500 
13.000 


6.500 
9.500 
13.000 


7.500 


ft Line to Center Tap 
For negative output change second to last letter ‘‘B’’. 


For example: 


47A3512BC1BD1 


AC Inputt 
RMS Volts 


DC Output 
72 
108 
40 
30 72 
108 
40 
61 72 
6! 108 
93 40 
93 72 
93 108 AC 
124 40 
124 72 
124 108 
156 40 
156 72 
156 108 
187 40 
187 72 
(87 108 AC 
249 40 
249 72 
249 108 
280 40 
280 72 
312 40 
312 72 
312 (08 
375 40 
375 72 
375 108 


NOTE: Please designate full stack number 
by preceding Model No. desired with “45A3512.” 
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SINGLE PHASE BRIDGE 


4JA3512 Outline 
Series Dimensions 
Model No. “L? Cin.) 


AC Input 
RMS Volts 


FBIADI 
FBIAD2 9.524 35 

FBIAD3 13.000 35 29 

ABIADI 6.000 70 60 

ABIAD2 9.524 70 60 

ABIAD3 13.000 70 60 

BBIADI 6.000 140 123 

BBIAD2 9.524 140 123 

BBIAD3 13.000 140 123 A Cc 
CBIADI 6.000 210 186 

CBIAD2 9.524 210 186 

CBIAD3 13.000 210 186 

DBIADI 6.000 280 249 

DBIAD2 9.524 280 249 

DBIAD3 13.000 280 249 

EBIADI 6.000 350 312 

EBIAD2 9.524 350 312 

EBIAD3 13.000 350 312 A C 
MBIADI 6.000 420 375 

MBIAD2 9.524 420 375 

MBIAD3 13.000 420 375 

DB2ADI 9.512 560 499 

CB3ADI 

EB2ADI 

MB2ADI 


MB3ADI 


SINGLE PHASE MAGNETIC 
AMPLIFIER BRIDGE 


Outline 


4JA3512 


Series Dimensions AC Input 
Model No. “L” (In) | RMS Volts 
FMIADI 
FMIAD2 9.524 
FMIAD3 13.000 
AMIAD! 6.000 70 60 
AMIAD2 9.524 70 60 
AMIAD3 13.000 70 60 A C AC 
BMIADI 6.000 140 123 
BMIAD2 9.524 140 123 
BMIAD3 13.000 140 123 + = 
CMIADI 6.000 210 186 
CMIAD2 9.524 210 186 
CMIAD3 13.000 210 186 
DMIADI 6.000 280 249 
DMIAD2 9.524 280 249 A Cc 
DMIAD3 13.000 280 249 
EMIADI 6.000 350 312 
EMIAD2 9.524 350 312 
EMIAD3 13.000 350 312 
MMIADI 6.000 420 375 
MMIAD2 9.524 420 375 
MMIAD3 13.000 420 375 
DM2ADI 9.512 560 499 
CMS3ADI 12.500 630 
EM2AD! 9.552 700 
MM2ADI 


MM3AD! 


+ Neglecting gate winding drop. 


*Maximum Operating Ratings, Resistive 
or Inductive Load, 60 cps Sinusoidal 


NOTE: Please designate full stack number at 55°C Ambient. For Other Ambient 
by preceding Model No. desired with ““4JA3512.” Conditions, Use Chart No. 1 
: s 
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THREE PHASE HALF WAVE 


MY3AD! 


4)A3512 Outline 
Series Dimensions 
Model No. “EL? Cin.) 
FYIADI 
FY1AD2 
AYIADI 6.012 
AYItAD2 8.000 
BYIADI 6.012 
BYIAD2 8.000 
CYIADI 6.0F2 
CYIAD2 8.000 
DY!IAD! 6.012 
DY!IAD2 8.000 
EYIADI 6.012 
EYIAD2 8.000 
MYIADI 6.012 
MY!AD2 8.000 
DY2ADi 8.000 
DY2AD2 (2.542 
CY3ADI 10.500 
EY2ADI 8.000 
EY2AD2 12.552 
MY2AD0I 
MY2AD2 


AC Inputt 
RMS Voits 


#20 
120 


160 
160 


200 
200 


240 
240 


320 
320 


360 
400 


DC Gutput 


139 
139 


185 
185 


232 
232 


279 
279 


371 
371 


417 
465 


+ Line to Neutral. 
For negative output change second to last letter to ‘*B’’. 
For example: 4JA3512FS1BD1 


THREE PHASE BRIDGE 


4JA35i2 
Series 
Model No. 


Outline 
Dimensions 
“L (in) 


AC Input} 
RMS Volts 


FFIADI 
FFIAD2 
AFIADI 
AFIAD2 
BFIADI 
BFIAD2 
CFIADI 
CFIAD2 
OFIADI 
DFtAD2 
EFIADI 
EFIA02 
MFIADi 
MFIAD2 
DF2ADI 
EF2ADI 
MF2AD! 


tLine to tine. 


SIX PHASE STAR 


43A3512 
Series 
Model No. 


Outline 
Dimensions 
ou” Cin.) 


AC Inputf 
RMS Volts 


FSIAD!I 
ASItADI 
BSIADt 
CSIADI 
DSIADI 
ESIADI 
MSIADI 


DS2AD1 
ES2AD01 
MS2AD1I 


¢Line to Center Tap. 


For negative output change second to last letter to ‘‘B'’. For 
example: 4JA3512BC2BDL 


*Maximum Operating Ratings, Resistive 
or Inductive Load, 60 cps Sinusoidal 
at 55°C Ambient. For Other Ambient 
Conditions, Use Chart No. 1 
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AC 


AC 


AC 


AC + 


NOTE: Please designate full stack number 
by preceding Model No. desired with ''4JA3512." 


A3512 SERIES 


ADDITIONAL RATINGS AND SPECIFICATIONS PER FIN 


4JA3512 F A B c D E M 
*Maximum Allowable Transient Peak Reverse Voltage 
(non-recurrent 5 millisec. max. duration). . . 100 200 350 450 600 700 800 volts 
*Maximum Allowable Peak Reverse Voltage (Repetitive 50 100 200 300 400 500 600 volts 
*Maximum Allowable DC Blocking Voltage 
(At Maximum Ambient of 150°C) . . . ... . 50 100 200 300 400 500 600 volts 
*Maximum Full Load Voltage Drop (20A 
DC Single Phase, Full Cycle Ave., 55°C Ambient). . << —_ 6 Volts DC ———_-_____> 
**Maximum Reverse Current at Full Load 
(Single Phase, Full Cycle Average). . . . . . . 5 45 4.0 3.5 3 2.5 2.0 ma 
**lot Ratings (For Fusing) at Rated Forward Current and PRV 
for t greater than .0008 seconds and lessthan .0083 sec... . . . . . . . . . « « « « 250 Ampere? Sec. 
Ambient TemperatureRange ©. ww ww ee ee ee ew 65°C to + 175°" 
Storage Temperature Range 6 ww ww ee ee ee = 65°C to F175°C 
Maximum Operating Frequency . . 6 1 1 we ee eee ee ee ee) 50,000 cps 
*Per Series Cell Determine Series and Parallel Cells as Follows: 
**Per Parallel Cell Number of Series Cells 
4JA3512FHIAD1 


Number of Parallel Cells 
Letter Designating Peak 
Reverse Voltage Rating 


per Cell 

NOTE: The RMS voltage ratings for stacks on the preceding pages are based on the 
assumption that the required precautions have been taken to keep transient voltage per 
fin within the ratings specified above. For a discussion of voltage transients and corrective 
action, request “Rectifier Voltage Transients: Their Generation, Detection, and Reduction,” 
ECG-544, 

Maximum Hi-Pot Voltage to Mounting Brackets . . . . 2600V.RMS @ 25°C Ambient, Sea Level 

Salt Spray . 2. 1 ww ww ee ee ee) MIL-STD-202 A, Method 101A, 96 hours 

Humidity. 2. 1. 1 ww ee ww we) MIL-STD-202 A, Method 103A, 240 hours 


APPROXIMATE STACK WEIGHT 


Number of Fins Pounds 
2.0 


5 
5 


2 

3. 
3. 
4, 
4. 
4. 
5. 
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A70, A190 


Silicon 
Rectifier Stacks 


S| 
a 
SS 

af Treat | 


FIN 11 


FIN 12 


FIN 14/15 
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A70, A190 


1. RECTIFIER STACK SELECTION CHART for 40°C ambient, free convection cooling, resistive or inductive load (for other conditions — see Figures 2 thru 7). 


Max. Max. Wax Max. Allow, 
SINGLE PHASE HALF WAVE Repetitive Circuit pjoge Transient 
AC Input Output pry PRV Non- 
CIRCUIT GUTPUT CURRENT 48 ADC 65 ADC 70 ADC 85 ADC 90 ADC 175 ADC Volts RMS* Volts OC Recurrent 
A7012AH1AD1 A7011AH1AD1 A7013AH1AD1 A7014AH1AD1 A19013AH1AD1 A19015AH1AD1 70 29 100 200 
- BHIAD1 BHIADI1 BHIAD1 BH1AD1 BHIAD1 BHTAD1 140 61 200 300 
CH1AD1 CH1A01 CH1AD1 CH1AD1 CHIADI CHTADTI 210 92 300 400 
DH1AD1 DH1AD1 DH1AD1 DH1AD1 DH1AD1 OH1AD1 280 124 400 525 
EH1AD1 EH1AD1 EH1AD1 EH1AD1 EH1AD1 EH1AD1 350 155 500 650 
i“ MH1AD1 MH1AD1 MH1AD1 MH1AD1 MH1AD1 MH1AD1 420 187 600 800 
NH1AD1 NH1AD1 NH1AD1 NH1AD1 NH1AD1 NHTAD1 560 250 800 1050 
PHTAD1 PH1AD1 PH1AD1 PH1AD1 PH1IAD1 PH1AD1 700 313 ©1000 1300 
SINGLE PHASE CENTER TAP 
(Line to 
CIRCUIT OUTPUT CURRENT 96 ADC 130 ADC 140 ADC 170 ADC 180 ADC 350 ADC Neutral) 
A7012AC1AD1 = =A7011AC1AD1 A7013AC1AD1 A7014AC1AD1 A19013AC1AD1 A19015AC1AD1 35 28 100 200 
BC1AD1 BCIAD1 BCIAD1 BC1AD1 BC1AD1 BC1AD1 70 60 200 300 
ac CCTAD1 CC1AD1 CC1AD1 CC1AD1 CC1IAD1 CC1AD1 105 91 300 400 
a OC1AD1 OC1AD1 BC1AD1 DC1AD1 DCiA01 OC1AD1 140 123 400 525 
ECiAD1 ECIA01 EC1AD1 ECiAD1 ECIAD1 EC1AD1 175 154 500 650 
ac MC1AD1 MC1AD1 MCIAD1 MC1AD1 MC1AD1 MC1A01 210 186 600 800 
NC1A01 NC1AD1 NC1AD1 NC1AD1 NC1ADi NC1AD1 280 249 800 1050 
PCIAD1 PC1AD1 PCIAD1 PCIAD1 PCIAD1 PC1AD1 350 312 1000 1300 
SINGLE PHASE BRIDGE 
(Line to 
CIRCUIT OUTPUT CURRENT 96 ADC 130 ADC 140 ADC 170 ADC 180 ADC 350 ADC Neutral) 
A7012AB1AD1 A7011AB1AD1 A7013AB1AD1 A7014AB1AD1 A19013AB1AD1 A19015AB1AD1 70 59 100 200 
BB1AD1 BB1AD1 BBIAD1 BB1AD1 BB1AD1 BB1AD1 140 121 200 300 
ac CB1AD1 CB1AD1 CB1AD1 CBIAD1 CBIAD1 CB1A01 210 185 300 400 
DB1AD1 DB1A01 DB1AD1 DB1AD1 DB1AD1 DB1A01 280 248 400 525 
EBIAD1 EB1AD1 €B1AD1 EB1AD1 EB1AD1 £B1AD1 350 311 500 650 
re MB1AD1 MB1AD1 MB1AD1 MB1AD1 MBiAD1 MB1AD1 420 374 600 800 
NBI1AD1 NB1AD1 NB1AD1 NBIADi NBI1AD1 NB1AD1 560 500 800 1050 
PBIADI PBTADI PBIADt PBIADt PBIAD1 PBIAD1 700 626 1000 1300 
THREE PHASE HALF WAVE 
(Line to 
CIRCUIT OUTPUT CURRENT 135 ADC 180 ADC 195 ADC 240 ADC 270 ADC 500 ADC Neutral) 
ac AT012AY1AD1 A7011AY1AD1 A7013AY1AD1 A7014AY1AD1 A19013AY1AD1 A19015AY1AD1 40 44 100 200 
BY1AD1 BY1AD1 BY1AD1 BY1AD1 BY1AD1 BY1AD1 80 91 200 300 
CY1AD1 CY1AD1 CY1AD1 CY1AD1 CY1AD1 CY1AD1 120 138 300 400 
ac +. DY1AD1 DY1AD1 OY1ADi DY1AD1 DY1A01 DY1AD1 160 184 400 525 
EY1AD1 EY1AD1 EY1A01 EY1AD1 EY1AD1 EY1AD1 200 231 500 650 
AC MY1AD1 MY1AD1 MY1AD1 MY1AD1 MY1AD1 MY1AD1 240 278 600 800 
NY1AD1 NY1AD1 NY1AD1 NY1AD1 NY1AD1 NY1AD1 320 371 800 1050 
PY1AD1 PY1AD1 PY1AD1 PY1AD1 PY1AD1 PY1AD1 400 465 1000 1300 
THREE PHASE BRIDGE 
CIRCUIT OUTPUT CURRENT 135 ADC 180 ADC 195 ADC 240 ADC 270 ADC 500 ADC 
AT012AF1AD1 A7O11AF1AD1 A7013AF1AD1 A7014AF1AD1 A19013AF1AD1 A19015AF1AD1 70 91 100 200 
+ BFIAD1 BFIAD1 BFIAD1 BF1AD1 BFIAD1 BF1AD1 140 185 200 300 
CFIAD1 CF1AD1 CFIAD1 CFIAD1 CF1AD1 CF1AD1 210 279 300 400 
mn OF1AD1 DFIAD1 DFIAD1 OF1AD1 OF1AD1 DF1AD1 280 374 400 §25 
EFIAD1 EF1AD1 £F1AD1 EF1A01 EFTAD1 EFIAD1 350 468 500 650 
MF1AD1 MF1AD1 MF1AD1 MFIAD1 MFIAD1 MF1AD1 420 563 600 800 
ac ac AC NF1AD1 NF1AD1 NFIADi NFIAD1 NFIAD1 NF1AD1 560 752 800 1050 
PFtAD1 PFIAD1 PFIAD1 PF1AD1 PF1AD1 PF1AD1 700 941 1000 1300 
SIX PHASE STAR 
CIRCUIT OUTPUT CURRENT 240 ADC 294 ADC 318 ADC 390 ADC 420 ADC 840 ADC 
A7012AS1AD1 =A7011AS1AD1 A7013AS1AD1 A7014AS1AD1 A19013AS1AD1 A19075AS1AD1 35 44 100 200 
BS1AD1 BS1AD1 BS1AD1 BS1A01 BS1AD1 BS1AD1 70 91 200 300 
CS1AD1 CS1AD1 CS1AD1 CS1AD1 CSiAD1 CS1AD1 105 139 300 400 
ad ra OS1AD1 DS1AD1 DS1AD1 DS1AD1 DS1AD1 OS1AD1 140 186 400 525 
ES1AD1 ES1AD1 ESIAD1 ES1AD1 £S1AD1 ES1AD1 175 233 500 650 
MS1AD1 MS1AD1 MS1AD1 MS1AD1 MS1AD1 MS1AD1 210 280 600 800 
NS1AD1 NS1AD1 NS1AD1 NS1AD1 NSiAD1 NS1AD1 280 375 800 1050 
PS1AD1 PS1A01 PS1AD1 PS1AD1 PS1AD1 PS1AD1 350 469 1000 1300 


NOTE: *The RMS voltage ratings are based on the assumption that the required precautions have been taken to keep transient voltage per fin within the transient ratings specified above. 
For a discussion of voltage transient and corrective action, request “Rectifier Voltage Transients: Their Generation, Detection and Reduction,” 200.11. 


NOMENCLATURE IDENTIFICATION 


1. Basic rectifier diode used in stack. For further diode 3. Diode voltage classification — see Figure 1, column 
details, refer to A70, A190 specifications. headed “Max Diode PRV.” 
4. Basic circuit. 
2. Identifies heat sink as follows: 5. Number of series diodes in each leg. 
14 — 1-1/2 x 3-1/2 x 3-1/2 aluminum extrusion 6. Mechanical construction. 
12 —5x 5x 1/8 copper plate ; ' 
7. Number of paratiel diodes in each leg. 


13 — 7x 7 x 3/8 aluminum plate 
14—4x 4x 5 aluminum extrusion 
15 — § x § x 5-1/2 aluminum extrusion 
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FR IVECTION 


PERCENT OF CIRCUIT CURRENT RATING (SEE FIG. 1) 


AMBIENT TEMPERATURE-C° 


2. A7011 STACK CURRENT RATING AS A 
FUNCTION OF AMBIENT TEMPERATURE 
AND COOLING CONDITIONS 


PERCENT OF CIRCUIT CURRENT RATING (SEE FIG. |) 


AMBIENT TEMPERATURE -C° 


4. A713 STACK CURRENT RATING AS A 
FUNCTION OF AMBIENT TEMPERATURE 
AND COOLING CONDITIONS 


1,000 FT/MIN“ 
ie 


PERCENT OF CIRCUIT CURRENT RATING (SEE FIG. |) 


AMBIENT SPEMPERATURESC® 

6. A19013 STACK CURRENT RATING AS A 
FUNCTION OF AMBIENT TEMPERATURE 

AND COOLING CONDITIONS 


20 30 40 50 60 70 80 90 oo 


PERCENT OF CIRCUIT CURRENT RATING (SEE FIG. 1) 


PERCENT OF CIRCUIT CURRENT RATING (SEE FIG. |) 


PERCENT OF CIRCUIT CURRENT RATING (SEE FIG. 1!) 


A70, A190 
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fe) 80 


AMBIENT TEMPERATURE-c* 

3. A7012 STACK CURRENT RATING AS A 
FUNCTION OF AMBIENT TEMPERATURE 

AND COOLING CONDITIONS 
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5. A7014 STACK CURRENT RATING AS A 


FUNCTION OF AMBIENT TEMPERATURE 
AND COOLING CONDITIONS 


xy 


AMBIENT SP EMPERATURE S c° 
7. A19015 STACK CURRENT RATING AS A 
FUNCTION OF AMBIENT TEMPERATURE 
AND COOLING CONDITIONS 
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8. A7011 TRANSIENT THERMAL RESISTANCE — 
AT 60 CPS, JUNCTION-TO-AMBIENT 
VS. OVERLOAD TIME 
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10. A7013 TRANSIENT THERMAL RESISTANCE — 
AT 6O CPS, JUNCTION-TO-AMBIENT 
VS. OVERLOAD TIME 
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12. A19013 TRANSIENT THERMAL RESISTANCE — 
AT 60 CPS, JUNCTION-TO-AMBIENT 

VS. OVERLOAD TIME 
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9. A7012 TRANSIENT THERMAL RESISTANCE — 
AT 60 CPS, JUNCTION-TO-AMBIENT 
VS. OVERLOAD TIME 
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11. A7014 TRANSIENT THERMAL RESISTANCE — 
AT 60 CPS, JUNCTION-TO-AMBIENT 
VS. OVERLOAD TIME 
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13. A19015 TRANSIENT THERMAL RESISTANCE — 
AT 60 CPS, JUNCTION-TO-AMBIENT 
VS. OVERLOAD TIME 


FORWARD POWER-WATTS 


PEAK HALF SINE WAVE FORWARD CURRENT-AMPERES 


INSTANTANEOUS FORWARD CURRENT-AMPERES 
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FORWARD CURRENT- AMPERES 
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AVERAGE FORWARD POWER VS. AVERAGE 


FORWARD CURRENT — Ty = +150°C to +200°C 


40 seo 2 


° 


1O 


| | 


i 
6 8 W 20 
CYCLES AT 60CPS 


A7011, A7012, A7013, A7014 
MAXIMUM SURGE CURRENT AT RATED 
LOAD CONDITIONS (PRV APPLIED AFTER 
SURGE) (NON-RECURRENT) 


2 4 


1000 


—} 


——— 


r 


3.0 3.5 


Lo 15 20 2.5 
INSTANTANEOUS FORWARD VOLTAGE- VOLTS 


A7011, A7012, A7013, A7014 
MAXIMUM FORWARD CHARACTERISTICS 


INSTANTANEOUS FORWARD CURRENT-AMPERES 
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FORWARD POWER DISSIPATION-WATTS 


PEAK HALF SINE WAVE FORWARD CURRENT- AMPERES 


A70, A190 


100 200 300 400 500 600 


AVERAGE CURRENT- AMPERES /DIODE 


15. A19013, A19015 
AVERAGE FORWARD POWER DISSIPATION 
VS. AVERAGE FORWARD CURRENT — 
Ty = +150°C to +200°C 
aes r of} vpr Ty a ot 17] 
5000 + rT { 
4,000 1 ti 


2,000 
aii + 3 11 i titi) 
ail if Hy im Al 
| 2 4 6 8 10 20 40 60 80 100 
CYCLES AT 60 CPS 
17, A19013, A19015 


MAXIMUM SURGE CURRENT AT RATED 
LOAD CONDITIONS (PRV APPLIED AFTER 
SURGE (NON-RECURRENT) 


INSTANTANEOUS FORWARD VOLTAGE - VOLTS 
A19013, A19015 
MAXIMUM FORWARD CHARACTERISTICS 
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APPROX. OUTLINE OUTLINE DRAWINGS 


WEIGHT NO. 
Single Phase Half Wave 2.937 1.5 Lbs. 1 
Single Phase Center Tap 4.875 3.0 1 
Single Phase Bridge 4.875 6.5 2 
3@ Half Wave 6.812 8.0 2 
3 Bridge 6.812 4.0 1 
6% Star 12.625 8.0 1 
A7011 
(wor rEGUIRED Gn Howe mooeLs) (TERMINAL, CON, 


.390 OIA. HOLE 
(TERMINAL CONN) = + 

x Fi 
= 2| 
° 3 
° °o 
rd © 
ie a+ 


265 DIA 
A7012 ALremare. 
\PSaminacs NF 
A 5.000 
- 2.08 
Single Phase Half Wave 4.875 ae 
Single Phase Center Tap 5.750 
Single Phase Bridge 8.750 as ' 
3@ Half Wave 8.750 — been 
3 Bridge 11.750 
6% Star 11.750 
A7013 
A19013 wax 
crveiaany TT 
va 

TYPICAL VIEW OF 

TOP AND BOTTOM 

8US BARS 

A APPROX. 
WEIGHT = 

Single Phase Half Wave 6.076 +:9° 6 Lbs. 
Single Phase Center Tap 6.7764" 8 1.0987” 
Single Phase Bridge 10.500+:1°5 14 
3 Phase Half Wave 10.500+:105 12 
3 Phase Bridge 14.496+:15° 19 
6¢ Star 14.496+:15° 19 


648 


ee 380: OIA. 


-281 DIA 


MOUNTING HOLES 


@ 


Se RB APPROX. OUTLINE 
? Sia WEIGHT NO. 
80007 .098 Single Phase Half Wave 3.750 4.437 3 Lbs. 1 
Single Phase Center Tap 8.250 8.937 5 1 
} Single Phase Bridge 8.250 8937 10 2 
ae Li ea 36 Half Wave 12.750 13.437 8 1 
ei2t 018 aa 3¢ Bridge 12.750 13.437 15 2 
aan 6 Star 12.750 13.437 15 2 
281 DIA 
MOUNTING HOLES 
- A19015 


.261 DIA MOUNTING HOLES 


® 


8.937 
MAK. 


8.937 
MAX, 


A B APPROX. OUTLINE 
WEIGHT NO. 
Single Phase Half Wave 5.500 6.250 4 Lbs. 1 
Single Phase Center Tap 11.812 12.562 8 1 
Single Phase Bridge 11.812 12.562 17 2 
3¢ Half Wave 18.125 18.875 14 1 
3¢ Bridge 18.125 18.875 22 2 
6 Star 18.125 18.875 22 2 
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A70, A190 


DIODE MOUNTED 


FOR 
7X7X3/8 ALUMINUM AN (GE ## (3) 


OR 7X7X1/4 COPPER FIN 


RATED CURRENT (100 %) 
FOR FREE CONVECTION 


Hi CIRCUIT 
res eee. 


PER CENT OUTPUT CURRENT 


too 


(| 9 1000 FT/MIN Til 
iret it 


Al 1.0 


i ll. 1000 


OVERLOAD TIME- SECONDS 


20. RECURRENT OVERLOAD CURVE MEETING NEMA STANDARDS 
(For General Purpose Rectifier Equipments Over 100 KW) AT 40°C AMBIENT 


RECURRENT OVERLOAD RATING DETERMINATION 
(FOR OVERLOAD CONDITIONS OTHER THAN SHOWN IN FIGURE 20) 


Many applications require that electrical equipment be de- 
signed to permit operation at higher than normal current 
for short periods of time. This planned overload require- 
ment is called a recurrent overload condition. (For non- 
recurrent current overloads, see the surge curve for the 
product being considered.) 


Whenever a recurrent overload rating is required, it is 
possible to take advantage of the thermal capacity of the 
rectifier diode and the heat sink to which it is attached. 


The following procedure will permit a recurrent overload 
providing another overload is not applied until sufficient 
time has elapsed to permit the rectifier diode to reach tem- 
perature equilibrium at the calculated continuous rating. 
In general, a cool-down period of twice the length of the 
overload time is sufficient for the rectifier diode to reach 
the calculated continuous rating temperature equilibrium. 


If the reapplication time (of overload) is shorter, please 
contact the factory for application assistance. 


To calculate the steady state current rating required to 
permit a recurrent overload, the following “cut and try” 
method is recommended. The example given is for the 
A19013 stacks; however, by using the appropriate curves, 
recurrent overload ratings can be determined for the other 
stacks listed. 


Ty Max. = Ta + Pgs x Rosa + (Por — Pss) Zoe) 
where Ty Max. = Max. Junction Temperature (200°C) 
Ta = Max. Ambient (in °C) 
Pss = Diode Power Dissipation (Steady State) 
from Curve 15 
Rosa = Thermal Resistance (Steady State) from 
Curve 12 
Po. = Diode Power Dissipation (Under Recur- 
rent Overload Conditions) from Curve 15 
Zé) = Transient Thermal Resistance (Under 
Overload Conditions) from Curve 12 
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As a starting point, it is suggested that the steady state 
diode current without recurrent overload current be deter- 
mined (see Figure 1). 


To permit a recurrent overload rating, the maximum rated 
diode current must be reduced. Using a reduced value of 
steady state current as an estimate, the data for insertion 
into the formula can be obtained from Curves 15 and 12. 


When the estimate is correct, the right side of the formula 
given above will equal the maximum Ty, which is 200°C. 


Example: 200% recurrent overload required for 10 seconds; 
three-phase bridge; 
1000 ft./min. forced air; 
maximum ambient = 40°C. 


From Figures 1 and 6, steady state rating without provision 
for recurrent overload equals 185 amps/diode. Therefore, 
a first approximation may be 125 amps steady state and 
250 amps overload. Substituting these values in the for- 
mula, we have: 

Ty Max. = 40 + 115 x .82 + (280 — 115) .26 


Ty Max. = 117.2 


The answer of 177.2 indicates that our steady state selec- 
tion was slightly low. By choosing 140 amps steady state 
and 280 amps overload, we come closer to the maximum 
rating permissible, based on Ty max. = 200°C. 


Of course, the 3-phase-bridge output current will be three 
times the diode current, 420 amps average steady state, and 
840 amps, or 200% current, for 10 seconds. 

NOTES: 


1, The recurrent overload calculation procedure outlined above was 
used to obtain the ratings shown by Curve 20. 


NEMA overload ratings for semiconductor unit power supplies 
(100 KW or less) are: 


a. 100% rated load current and voltage continuously, then: 
b. 150% rated current for 1 minute, following 100% load; or 
c. 200% rated current for 10 seconds, following 100% load. 


2, 


Germanium BDI-7 
Diodes 


The General Electric types 4JFBDI-7 are germanium back diodes which make use 
of the quantum mechanical tunneling phenomenon, thereby attaining a very low 
forward voltage drop and eliminating charge storage effects. They feature closely 
controlled forward voltage characteristics with very small temperature coefficients. 
The very low forward voltage and low capacity of the back diode make it ideal 
for use in high frequency applications and in transistor and tunnel diode switch- 
ing circuits. The germanium back diodes are characterized in seven types accord- 
ing to the forward current at a forward voltage of 90 millivolts and according to 
the maximum reverse leakage current. 


absolute maximum ratings: (25°C) (unless otherwise specified) 


AXIAL DIODE OUTLINE 


Part Number 1 2 3 4 5 6 7 units 
Forward Current 30 15 10 5 5 5 5 ma ‘ al 
(-55 to + 100°C) ais ata 
Reverse Current 10 5 5 65 5 5 5 ma bi | 
(-55 to + 100°C) 33 1.000 coe ey 
Lead Temperature, 1/16”? + 1/32” ie ; 
from case for 10 seconds 260°C DIMENSIONS ARE REFERENCE UNLESS TOLERANCED. 
electrical characteristics: (25°C) (unless otherwise specified) 
Sym. BD! BD2 BD3 BD4 BD5 BD6 BD7 ss Units 

Forward Voltage, Ve; =90 MV + 10 mv 

atIp, = 10 5 2 1 5 2 .l ma 
Forward Voltage at Iz (Ip. =31 5 ) Veo 120 130 170 170 170 160 160 mv typ. 
Reverse Voltage, lp =Ip max Veri 440 420 400 380 350 330 330 mv min. 
Reverse Voltage, Ip =1 ma Vero 440 465 465 465 465 465 465 mv min. 
Reverse Peak Point Current Ip 1 5 2 l .0S .02 .Ol ma max. 
Series Inductance (Measured at case) Ls 1.5 1.5 1.5 1.5 1.5 1.5 1.5 nh — typ. 
Total Terminal Capacity Cc 8 6 4 3 3 3 3 pf typ. 

(Vp =350 mv) 20 10 10 10 10 10 10 pf max. 
Recovery Time* t, 1.0 0.7 0.5 0.4 0.4 0.4 0.4 ns typ. 


*The recovery time is measured to a reverse current of 1 ma. when switching from 0.1 volt forward to 0.4 volt 
reverse from a 50 ohm source. Since the back diode does not exhibit charge storage, the recovery time is deter- 
mined by the charging time of the total device capacity. 
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GE WILL BEND FOR YOU! 


simpler by factory forming the C122 round 
leads to match six standard configurations. 
The C122 also features a tab mounting hole 
that permits torque limit free» mounting, 
thus eliminating possible pellet damage as- 
sociated with center-mounting-hole:pack- 
ages. The 8 ampere: C122 is available in 
50 to 500 volt types.’ These features, plus 
the -stability achieved by POWER-GLAS 


of SCRs, Triacs and Triggers.designed for 
all applications. Contact your local.autho- 
rized GE distributor for complete. informa- 
tion on GE’s POWER-GLAS SCR and Triac 
products. 


GE’S. POWER-GLAS MEANS I|M- 
PROVED - PERFORMANCE AND... RELIA- 
BILITY FOR YOU. 


GENERAL @@ ELECTRIC 


BASIC TYPES TO-66 EQUIVALENT 


PRINTED CIRCUIT BOARD TYPES 


| C5Series 
|___2N2322-29 __| 
1.6A RMS Up to 400 Volts 2N2322A-28A 


C511 (Diamond Base)! 


The C5 Series of Silicon Controlled Rectifiers are reverse blocking thyristors for use in 
low power switching and control applications. They feature two ranges of gate sensi- 
tivity and high external gate-cathode shunting resistance. 

e All-diffused 


© Two ranges of gate sensitivity —2N2322-29-—200uA max. 
& 2N2822A-28A—20uA max. 


e Diamond flange types (C511) for convenient power dissipation 


Low holding current 


Broad voltage range 
Designed to meet MIL-S-19500/276 


MAXIMUM ALLOWABLE RATINGS 


— 

2N2322 C5U 25V.* 

2N2322A —_ 25V.* 

2N2323 C5F 50V.* 

2N23238A — 50V.* 

2N2324 C5A 100V.* 

2N2324A — 100V.* 

2N2325 C5G 150V.* 

2N2325A —_ 150V.* 

2N2326 C5B 200V.* 

2N2326A _— 200V.* 

2N2327 C5H 250V.* 

2N2327A —_— 250V.* 

2N2328 C5C 300V.* 

2N2328A —_— 300V.* 

2N2329 C5D 400V.* 

Peak Positive Anode Voltage, PFV......00 000. 500 Volts 
RMS On-State Current, Ipipys)..-. 20-6 ee 1.6 Amperes (all conduction angles) 
Average On-State Current, Injay)..........-....-0.. Depends on conduction angle (see Charts 2, 3, 5 and 6) 
Critical Rate-of-Rise of On-State Current, di/dt: 

Gate Triggered Operation, Switching from Rated Voltage.................... 50 Amperes per microsecond 
Peak One Cycle Surge (non-rep) On-State Current, Iggy... 000 eee 15 Amperes* 
I*t (for fusing), for times 2 1.5 milliseconds................0.00.00 cece 0.5 Ampere’seconds 
Peak Gate Power Dissipation, Pey.. 0... ebb bbe. 0.1 Watts* 
Average Gate Power Dissipation, Peay)... 0.6 eee eter ee, 0.01 Watts* 
Peak Positive Gate Current, Igy... 20.20 eet e eee e. 0.1 Amperes* 
Peak Positive Gate Voltage, Vey... 220 ee eee t beeen ees 6 Volts* 
Peak Negative Gate Voltage, Vey... 0. ee suihistediadtel ethical Ay Sect ve 6 Volts* 
Storage Temperature, Tyre... eee eee —65°C to +150°C* 
Operating Temperature, Ty....02..00 00. eee eee —65°C to +125°C* 


*Indicates data included on JEDEC type number registration 
+When ordering the Diamond Base versions, be sure to include the proper voltage letter symbol. For example: The 25V 
Diamond Base version of the C5U (2N2322) is type number C511U. 


tThe C511 series is identical to the C5(2N2322-29) series except that a diamond base flange is soldered to the base of the 
unit. All ratings and characteristics are common to both series. See charts 17 thru 21 for Transient Thermal Impedance 
and Current Curves. 
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C5 SERIES 


CHARACTERISTICS 


Ve zru = Vprw = Rated. 
2. —_ 10. _ T,. = +25°C, Rox = 1000 Ohms 2N2322-29 (C5 Series) 

= 2000 Ohms 2N2322A-28A 
eal ee eae To = +125°C, Rex = 1000 Ohms 2N2322-29 (C5 Series) 


= 2000 Ohms 2N2322A-28A 
Ton uAdc 


PEAK REVERSE or] Ire 
OFF -STATE 
CURRENT 


All Types 


GATE TRIGGER 
CURRENT 
2N2322-29 
(C5 Series) 


2N2322A-28A 


Ty = +25°C, V, = 6Vde, Ry, = 100 Ohms 
Rex = 1000 Ohms 
To = 425°C, Vy = 6Vde, R, = 100 Ohms 
Rox = 2000 Ohms 
Ty = —65°C, Vp = 6Vdc, Ry, = 100 Ohms 
Rex = 1000 Ohms 


= 10 | 75* To = —65°C, Vp = 6Vde, Ry = 100 Ohms 
Rex = 2000 Ohms 


Vor Vde 
0.35 0.5 


bel fd 
Gn id 
Sal ie be 


2N2322-29 
(C5 Series) 


2N2322A-28A 


GATE TRIGGER 

VOLTAGE 
2N2322-29 

(C5 Series) 


2N2322A-28A 


Ty = +25°C, V, = 6Vde, Ry = 100 Ohms 
Rex = 1000 Ohms 


To = +25°C, Vp = 6Vde, R;, = 100 Ohms 

Rex = 2000 Ohms 
T. = —65°C, Vy = 6Vde, R;, = 100 Ohms 
Rex = 1000 Ohms 
To = —65°C, Vp = 6Vdc, Ry = 100 Ohms 
Rex = 2000 Ohms 


Te = +125°C, Vom = Rated Vpry Value 
Rex = 1000 Ohms, R, = 100 Ohms 


Te = +125°C, Vpy, = Rated Vpry Value 


Rex = 2000 Ohms, R;, = 100 Ohms 


To = +25°C, Ip, = 4.0A, Single Half Sine 


Vox 2.0 Vv 
Wave Pulse, 2.0 Millisec. Wide 
a a 


2N2322-29 
(C5 Series) 


2N2322A-28A 


2N 2322-29 
(C5 Series) 


2N2322A-28A 


PEAK ON-STATE 
VOLTAGE 


All Types 


1.9 2.0* Ty. = +85°C, In¢ay) = 1.0A, Half Sine Wave, 
60 Hz, 180° Conduction Angle 
mAdc | Rex = 1000 Ohms 2N2322-29 (C5 Series) 
= 2000 Ohms 2N2322A-28A 
awe T= 425°C, R, — 10K 
| — | 15] 3.0% Ty = —65°C, Ry = 10K 


| 0.15*| 0.4 | — | Te = +125°C, Ry = 50K 
[0.10*| 0.4 | — | 


ane oR Aimee 


Gate Supply: 6 Volt Open Circuit, 330 Ohm 


Load Line, 0.1 usec. Rise Time, 5 usec. Min. 
*Indicates data included on JEDEC type number registration 


HOLDING 
CURRENT 


2N2322-29 
2N2322A-28A 


TURN-ON TIME 
All Types 


Pulse Width. 
To = +125°C, Ipay = 1.0A Peak. 


CIRCUIT- 


COMMUTATED Rectangular current pulse, 50 usec duration. Rate of 
TURN-OFF TIME rise of current <10 amperes/usec. Commutation rate 
All Types <5 amperes/usec. Peak reverse voltage = rated Varn 


volts max. Reverse voltage at end of turn-off time 
interval = 15V. Repetition rate = 60 pps. Rate of 
rise of re-applied off-state voltage (dv/dt) = 20V/ 
usec. Off-state voltage = rated Vppy, volts. Gate bias 
during turn-off time interval = 0 volts, 100 ohms. 
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0.100 


0.010 


NOTE: VOLTAGE MEASURED 
— AT POINT ON LEADS 72 4 


INSTANTANEOUS ON-STATE CURRENT-AMPERES 


INCH FROM | BOTTOM 
[~ OF CASE. 
: 
9.001 | 74 
AEE | 
| 
L | 
t | 
QO 10 2.0 3.0 4.0 5.0 


INSTANTANEOUS ON-STATE VOLTAGE - VOLTS 
1. MAXIMUM ON-STATE CHARACTERISTICS 
T | 


TO 400Hz. 
AVERAGE 


t 


> (1) RESISTIVE OR INDUCTIVE LOAD, 50 
{2) RATINGS DERIVED FOR 0.01, WATT 
GATE ce 


+ 


MAXIMUM ALLOWABLE AMBIENT TEMPERATURE-°C 
Q 
fo} 


02 03 04 #O5 O06 O7 O8 


AVERAGE ON-STATE CURRENT - AMPERES 


3. MAXIMUM ALLOWABLE AMBIENT TEMPERATURE FOR 
SINUSOIDAL CURRENT WAVEFORM 


WE LOAD, SO T 
CASE reneer ATURE yoann aA PONT N 
THE BOTTOM 0! CASE. 


8) RATINGS | DERIVED FOR 0.0! warts DVERAGE 
GATE POWER DISSIPATION. 


(@) Es, | UT*=DUTY CYCLE 
| | 
| 


1.4 16 


MAXIMUM ALLOWABLE CASE TEMPERATURE -°C 


o4 
AVERAGE ON-STATE CURRENT-AMPERES 


5. MAXIMUM ALLOWABLE CASE TEMPERATURE FOR 
RECTANGULAR CURRENT WAVEFORM 


06 os 10 12 
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| 


120 
10 
100 us fake oNbUCTION 
90 


oc 


NOTE : (1) RESISTIVE OR INDUCTIVE LOAD,50 TO 400 Hz. , 
{2) RATINGS DERIVED FOR 0.0! WATT AVERAGE GATE POWER. 
(3)CASE TEMP. iS MEASURED AT A POINT IN THE CENTER 
OF THE BOTTOM OF THE CASE. 


MAXIMUM ALLOWABLE CASE TEMPERATURE — °C 


1 
J 0.8 10 12 1.4 
AVERAGE ON-STATE CURRENT - AMPERES 


2. MAXIMUM ALLOWABLE CASE TEMPERATUPE FOR 
SINUSOIDAL CURRENT WAVEFORM 


° 02 04 16 18 


24 


: 


AVERAGE ON~STATE POWER DISSIPATION-WATTS 
iv 


JUNCTION TEMPERATURE =I 
T FREQUENCY SO TO 400 Hz 


Lo 1.2 


04 
AVERAGE ON-STATE CURRENT-AMPERES 


4. MAXIMUM ON-STATE POWER DISSIPATION FOR 
SINUSOIDAL CURRENT WAVEFORM 


06 0.8 


(2) RATINGS DERIVED FOR 0.01 WATTS AVERAGE 
GATE POWER DISSIPATION. 


(3) t/T= DUTY CYCLE 


NN & a 
ANS en tale 


MAXIMUM ALLOWABLE AMBIENT TEMPERATURE - °C 


0.2 03 0.4 os 

AVERAGE ON-STATE CURRENT-AMPERES 

6. MAXIMUM ALLOWABLE AMBIENT TEMPERATURE FOR 
RECTANGULAR CURRENT WAVEFORM 


C5 SERIES 


20 


if l 


ve 


NOTES: (1) SHADED AREA REPRESENTS 
LOCUS OF POSSIBLE TRIGGER 
tT POINTS FROM -65°C TO +125°C, 


(2) JUNCTION. TEMPERATURE 
MIN. GATE CURRENT REQUIRED 65°C TO +125°C 4 
TO TRIGGER ALL UNITS 


a 


(3) 6 VOLTS DC ANODE TO 
CATHODE . 


+} 
3° 


~65°C (4) GATE SUPPLY IMPEDANCE * 
1000 OHMS LOOKING INTO — 


” 
a 
: 
z 
2 
Ee o pa 
é 2 S SUPPLY FROM TEST UNIT 
Bie 1 2 [65sec TERMINALS. 
6 ne 
= 2 oa [ + 
z w 
© g . GATE VOLTAGE —_ 
w 08 | 3 REQUIRED TO TRIGGER 
& © o6 ALL UNITS. 
ws 
5 NOTES.(I) JUNCTION TEMPERATURE = 125°C. s #125°C 1 Js| 
2 (2) FREQUENCY, 50 TO 400 Hz s 
004 8 oat ++ Bi 
: AA_PW. |: 
= i 
< 3 (a t/T= DUTY CYCLE é + 
wu bc a | | Fs MAXIMUM GATE VOLTAGE 
Zz 0 41 n ni L ni ee aero Pescakeee | g 0.2 l¢@— THAT WILL NOT TRIGGER =f 
° 0.2 0.4 0.6 0.8 1.0 L2 14 \6 4 ANY UNITS AT +lasec| 
AVERAGE ON-STATE CURRENT-AMPERES | | 
fe] 
7. MAXIMUM ON-STATE POWER DISSIPATION FOR ‘Too ~~ ~~ 00 ~=«4200«—«4800~=«~«4 400 
RECTANGULAR CURRENT WAVEFORM INSTANTANEOUS GATE CURRENT (Ig) - MICROAMPERES 


8. GATE TRIGGERING CHARACTERISTICS FOR 
2N2322-29 (C5 SERIES) ONLY 


NOTES: (1) JUNCTION TEMPERATURE RANGE,-65°C TO +125°C. 
(2)SHADED AREA REPRESENTS LOCUS OF POSSIBLE 
TRIGGERING POINTS FROM ~65°C TO +125°C, 
(3)6.0 VOLTS DC ANODE-TO-CATHODE. 
(4)GATE SUPPLY IMPEDANCE = 2000 OHMS LOOKING 
INTO SUPPLY FROM TEST UNIT TERMINALS, 


a 


MINIMUM GATE CURRENT REQ'D TO TRIGGER 


ae ALL UNITS AT: +25°C 


N NAN ar Ley 
N\NSNS i 
SV | 


NOTES: (1) DATA TAKEN USING RECTANGULAR 
GATE PULSES. 
(2) JUNCTION TEMPERATURE = 25°C. 


Y 
7) 


GATE TRIGGER VOLTAGE 


CULYA, 


INSTANTANEOUS GATE VOLTAGE-VOLTS 
GATE TRIGGER VOLTAGE VOLTS 
GATE TRIGGER CURRENT-MA 


it ee 
GLO 


a 

RR TRIGGER CURRENT 
ane apse ie ook poles 
VOLTAGE THAT WILL 


VOLTAGE. THAT WI Be i et Ga ed 

UNITS AT +125°C ce] 4 8 12 16 20 24 28 32 
GATE PULSE WIDTH-MICRO SECONDS 

10. TYPICAL GATE TRIGGER CURRENT AND VOLTAGE 


INSTANTANEOUS GATE CURRENT-MICROAMPERES VARIATI ITH IDTH 
9. GATE TRIGGERING CHARACTERISTICS ey eae mae: ae 


FOR 2N2322A-28A ONLY 


ZA 
Z 
Wi 


= 


“100 -80 -60 -40 -20 O +20 +40 +60 +80 +i00 


NOTES: (1) CURVES SHOWN ARE FOR VARIOUS 
JUNCTION TEMPERATURES. 
(2) ANODE SUPPLY VOLTAGE = 5.0 VDC MINI 


INOTES: (1) JUNCTION TO AMBIENT 
(2) CELL LEAD MOUNTED, 
NO HEAT SINK 


JAXIMUM AT -65°C 
MAXIMUM AT 25°C 


HOLDING CURRENT~MILLIAMPERES 


TRANSIENT THERMAL IMPEDANCE-*C PER WATT 


MINIMUM AT 125°C 


I 
0.001 0.01 OF 1.0 10.0 100 


200 S00 WOO 2000 5000 ecard saQp00, 
TIME IN SECONDS GATE-TO-CATHODE RESISTANCE-OHMS 
11. MAXIMUM TRANSIENT THERMAL IMPEDANCE 12, MAXIMUM AND MINIMUM HOLDING CURRENT 


VARIATION WITH EXTERNAL GATE-TO-CATHODE 
RESISTANCE FOR 2N2322-29 (C5 SERIES) ONLY 
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(2) JUNCTION T 


NOTES (I) AT RATED LOAD CONDITIONS. 


EMPERATURE IMMEDIATELY 


PRIOR TO SURGE = -65°C TO +i25°C. 


PEAK HALF SINE WAVE 


ON-STATE CURRENT~AMPERES 


CYCLES AT 60 Hz 


13. MAXIMUM ALLOWABLE 


SURGE 


(NON-REPETITIVE) ON-STATE CURRENT 


| 
NOTE: 6 VOLTS ANODE VOLTAGE. 


GATE TRIGGER CURRENT-MICROAMPERES 0.C. 


* -60 -40 -20 9° 20 40 


60 80 loo 120 


JUNCTION TEMPERATURE - °C 


15. VARIATION OF GATE TRIGGER CURRENT WITH 


TEMPERATURE FOR 2N2322-29 (C5 SERIES) ONLY 


BREAK OVER VOLTAGE 
IN % OF RATED VOLTAGE 


14. 


GATE TRIGGER VOLTAGE-VOLTS DC. 


16. 


C5 SERIES 
Tt TT 7 7 TT TT 
fe TH 


100 


JUNCTION TEMPERATURE * 25°C! 


JUNCTION TEMPERATURE = 
ot retin 


> 
°o 


20 


il 


1000 2000 5000 10,000 20900 $0,000 100,000 
GATE TO CATHODE RESISTANCE-OHMS 


TYPICAL BREAKOVER VOLTAGE VARIATION WITH 
EXTERNAL GATE-TO-CATHODE RESISTANCE 
2N2322-29 (C5 SERIES) ONLY 


= 
-60 -40 -20 ie] 20 40 60 80 (00 120 
JUNCTION TEMPERATURE - °C 


VARIATION OF GATE TRIGGER VOLTAGE WITH 
TEMPERATURE FOR 2N2322-29 (C5 SERIES) ONLY 


JUNCTION TO AMBIENT, CELL 


LEAD MOUNTED IN FREE 
CONVECTION AMBIENT. 
DEVICE NOT FASTENED TO 


EXTERNAL HEATSINK. 


TRANSIENT THERMAL IMPEDANCE-°C PER WATT 


0.0) 


UL 10 100 


TIME IN SECONDS 
17. MAXIMUM TRANSIENT THERMAL IMPEDANCE 


(DIAMOND BASE) 
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Ha NOTES :(t) RESISTIVE OR INDUCTIVE LOAD,50 TO 400 Hz 


{2) RATINGS DERIVED FOR 0.01 WATTS AVERAGE 
GATE POWER DISSIPATION 

{3) CELL LEAD MOUNTED IN FREE CONVECTION 
AMBIENT. DEVICE NOT FASTENED TO AN 

EXTERNAL HEAT SINK 
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MAXIMUM ALLOWABLE AMBIENT TEMPERATURE~°C 
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£0 90° [120° 180° 
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AVERAGE ON-STATE CURRENT~AMPERES 


18. MAXIMUM ALLOWABLE AMBIENT TEMPERATURE 
FOR HALF WAVE RECTIFIED SINE WAVE 
OF CURRENT (DIAMOND BASE) 


130 


R 
J 


NOTES: 


(I) RESISTIVE OR INDUCTIVE LOAD, 50 TO 400 Hz 

(2) RATINGS DERIVED FOR 0.01 WATTS AVERAGE 
GATE POWER DISSIPATION. 

(3) CELL LEAD MOUNTED IN FREE CONVECTION 

AMBIENT. DEVICE NOT FASTENED TO AN 

EXTERNAL HEAT SINK. 
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MAXIMUM ALLOWABLE AMBIENT TEMPERATURE-°C 
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; me 
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AVERAGE ON-STATE CURRENT-AMPERES 


20. MAXIMUM ALLOWABLE AMBIENT TEMPERATURE 
FOR RECTANGULAR CURRENT WAVEFORM 
(DIAMOND BASE) 


OUTLINE DRAWING 


(3) This zone is controlled for automatic han- 
dling. The variation in actual diametes bosteet) 


8 


a 
° 


RESISTIVE OR INDUCTIVE LOAD, 50 TO 400 Hz 
CASE TEMPERATURE MEASURED AT TAB ON 


~ 
°o 


CELL HEADER FLANGE. 
RATINGS DERIVED FOR 0.01 WATTS AVERAGE 
GATE POWER DISSIPATION. 
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MAXIMUM ALLOWABLE CASE TEMPERATU! 
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° 0.2 04 0.6 0.8 Lo 1.2 14 1.6 
AVERAGE ON-STATE CURRENT-AMPERES 


19. MAXIMUM ALLOWABLE CASE TEMPERATURE FOR 
HALF WAVE RECTIFIED SINE WAVE 
OF CURRENT (DIAMOND BASE) 


100 


NOTES, (1) RESISTIVE OR INDUCTIVE LOAD, 50 TO 400 Hz 
(2) CASE TEMPERATURE MEASURED AT TAB ON 


MAXIMUM ALLOWABLE CASE TEMPERATURE-°C 


19, CELL HEADER FLANGE, 
3) RATINGS DERIVED FOR 0.01 WATTS AVERAGE 

60 GATE POWER DISSIPATION, 

4 T= DUTY CYCLE 
\ 1] Ab 

40 Spe 

30 

20 

10 

° 

ie) 0.2 0.4 06 0.8 ize) 2 4 16 


AVERAGE ON-STATE CURRENT—AMPERES 


21. MAXIMUM ALLOWABLE CASE TEMPERATURE FOR 
RECTANGULAR CURRENT WAVEFORM 
(DIAMOND BASE) 


within thes zone shall not exceed 010. 49, #8 MIM Sverre 
{2) Measured from max. diameter of the ais Ka) 

actual device, X 7 
(3) The specified lead diameter applies in the ose}, 

tone between 050 and 250 trom the base |“ *\"® O54 oe 

Seat. Between .250 and 1.5 maximum of “a 


021 diameter is heid. Qutside of these 
the lead diameter is not controlled. Leads t 
may be inserted, without damage in .031 
holes while device enters 371 hole con- 
centric with lead hale circle. 

(4) #4-40 screw, st'n steel ©,” long 


{3) 120 hole (431 drill) 
(6) Int tooth lockwasher, st’n steel 1 
(7) #440 out, st'n steel 

(8) #2.56 screw, st'n steel 44” fong 
(9) Shoulder washer, vulcanized fiber 
410) Mica msulator, 003 thick 
(11) .0935 hole (#42 dnt) H 
(12) #2-56 nut, st’n steel 


All dimensions in inches thon s08 
TYPICAL 


CONFORMS TO JEDEC TO-5 OUTLINE 


3 


—_s 


DIAMOND BASE STANDARD MOUNTING 
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C7 SERIES SEE PAGE 333 


For High Volume Light Industrial, Computer, and Consumer Applications 
Low Cost 

All-diffused for Proved Reliability 

Popular Voltage Range—up to 200V 

Sensitive Gate (1 ma to Trigger) 

Standard TO-5 Package (C6) for Convenient Mounting 

Diamond Flange Option (C611) Simplifies Heat Dissipation 


Non-Repetitive Peak 
Reverse Voltage, 
Vrom(non-rep) 

(<5 Millisec.) 

Ty = —40°C to +125°C 


Peak Forward Blocking Working and Repetitive 
Voltage, Vrxu Peak Reverse Voltage 
Ty = —40°C to +125°C Vrom(wkg) and Vrou(rep) 
Rcx = 1000 OHMS Ty = —40°C to +125°C 


Cé6U, C611U 25 Volts 25 Volts 40 Volts 
C6F, C6é11F 50 Volts 50 Volts 75 Volts 
C6A, C611A 100 Volts 100 Volts 150 Volts 
C6G, C611G 150 Volts 150 Volts 225 Volts 
C6éB, C611B 200 Volts 200 Volts 300 Volts 


MAXIMUM ALLOWABLE RATINGS 


Peak Forward Voltage, PFV ....00 0000 eee 300 Volts 
RMS Forward Current, On-state (independent of conduction angle) .................. 1.6 Amperes 
Average Forward Current, On-state ..................... Depends on conduction angle (See Charts) 
Peak One Cycle Surge Forward (Non-repetitive) Current, Ip, (surge) .................. 10 Amperes 
Peak: Gaté Power, Paig ts tise sen Sets 2 0 secs heen ie eae) ep i an whee eae cedar ween, Gite 0.1 Watt 
Average Gate Power, Pgcay) . 2.6 eee eee 0.01 Watt 
Peak Gate. Current; [gpg 2) 65 cs eer A ba Pele Dk Rnceisl BER aed cal edie pee eee oP ew 0.1 Ampere 
Peak Gate Voltage, Forward & Reverse, Verau & NV ee doh ote aera sk bt Sos See oe ba gece te 6 Volts 
Storage Temperature, Teg 060 eens —40°C to +150°C 
Operating Temperature ....... 1.0... 2 00 eee —40°C to +125°C 
Peak non-recurrent surge forward current during turn-on time interval 

(Current rise time =5.0 wsec Minimum). ............... 00.00.0000. eee 40 Amperes 
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C6, C611 


Forward Breakover 


Voaprx 
Voltag 
C6U, C611U QR ccd, \fsecaink 
C6F, C611F B08] cass. bb ehale 
C6A, C611A 100 - fo eeceeo of Secevace 
C6G, C611G 15054) ssa, Ao ecient 
Cé6B, C611B 200 | wu J. 
Ter Joo. 0.2 1.0 
Vru foo 1.2 1.4 
es ee 
Turn-On Time tatte foo. 1407 wo. 
Thermal Resistance, CT ns ier 160 
C6, Junction to 
Ambient 
C611, Junction to Os-0 J oe | oe 10 
Case 
0 130 
120 


a Nn J © 
°o ° °o 


WSTANTANEOUS FORWARD CURRENT-AMPERES 
“i 
PIT TT TT 


MAXIMUM ALLOWABLE CASE TEMPERATURE-°C 
o oO °o 


n w 2 a 


4+ TT] 
| eo ete tH 


2.0 3. 40 $0 
INSTANTANEOUS ON-VOLTAGE-VOLTS 


1, MAXIMUM FORWARD CHARACTERISTICS—ON-STATE 


fetta NOTES: (I) RESISTIVE OR INDUCTIVE LOAD, 50 TO 400 CPS. 
(2) RATINGS DERIVED FOR 0.01 WATT AVERAGE 
GATE POWER, 
(3) CASE TEMPERATURE IS MEASURED AT POINT 
Petes ok IN THE CENTER OF THE BOTTOM OF THE CASE. id 


02 0.4 0.6 08 1.0 12 4 1.6 18 


CHARACTERISTICS 


Volts T; = —40°C to +125°C 
Rex = 1000 ohms 
Sinusoidal Waveform, 50 to 400 CPS 


mAdec |} T; = 25°C, Vrx = 6Vdc, Ri = 100 ohms 
co. ee a Cee 
Vv T; = 25°C, Iru = 1.0A, Single Half Sine 
Wave Pulse, 2.0 Millisec. Wide 
psec Ts = 25°C, Ivy = 1.0A, Vrx = Rated Vrxxu Value. 


Supply: 6 Volt Open Circuit, 330 ohm Load Line, 
0.1 usec Rise Time. 


°C/watt| Steady State 


°C/watt] Steady State 


BAYT | | 
| | | Bee YT 


AVERAGE FORWARD CURRENT-AMPERES 


2. C6—MAXIMUM ALLOWABLE CASE TEMPERATURE FOR 


SINUSOIDAL CURRENT WAVEFORM 


660 | 


MAXIMUM ALLOWABLE AMBIENT TEMPERATURE -C 


C6, C611 


130 
120 
110 
100 Fon DUCTION 
ANGLE» 
80 ———-+- 4 
ae RESISTIVE OR INOUCTIVE LOAD, 50 TO 400 CPS. 
(2) CASE TEMPERATURE MEASURED AT TAB ON 
| CELL HEADER FLANGE. 
60 i (3) RATINGS DERIVED FOR 0.01 WATTS AVERAGE 


GATE POWER DISSIPATION. 


MAXIMUM ALLOWABLE CASE TEMPERATURE -°C 


10) 02 04 06 0.8 1.0 1.2 1.4 L6 


AVERAGE FORWARD CURRENT-AMPERES 
3. C611—MAXIMUM ALLOWABLE CASE TEMPERATURE 
FOR SINUSOIDAL CURRENT WAVEFORM 


: (I) RESISTIVE OR INDUCTIVE LOAD, SO TO 400 CPS, 


(2 RATINGS DERIVED FOR 0.01 WATT AVERAGE 
GATE POWER. 


RESISTIVE OR INDUCTIVE LOAD, 5O TO 400 CPS. 

) CASE TEMPERATURE MEASURED ATA POINT IN 
THE CENTER OF THE BOTTOM OF THE CASE. 
RATINGS DERIVED FOR 0.01 WATTS AVERAGE 
GATE POWER DISSIPATION. 


el 


MAXIMUM ALLOWABLE CASE TEMPERATURE -°C 


0 Ol 0.2 0.3 0.4 0.5 0.6 0.7 0.8 
AVERAGE FORWARD CURRENT-AMPERES > RiERAGE Tonanot CURRENT-AMPERES 
4. C6—MAXIMUM ALLOWABLE AMBIENT TEMPERATURE 5. C6-—MAXIMUM ALLOWABLE CASE TEMPERATURE FOR 
FOR SINUSOIDAL CURRENT WAVEFORM RECTANGULAR CURRENT WAVEFORM 


| 


661 


SS 
fu cs a 


RESISTIVE OR INDUCTIVE LOAD, $0 TO 400 CPS 
(2) CASE TEMPERATURE MEASURED AT TAB ON 
CELL HEADER FLANGE. 


He 
S 


RATINGS DERIVED FOR 0.01 WATTS AVERAGE 
GATE POWER DISSIPATION. 


MAXIMUM ALLOWABLE CASE TEMPERATURE -°C 


° 0.2 0.4 06 0.8 10 (2 14 16 
AVERAGE FORWARD CURRENT-AMPERES 


6. C611I—MAXIMUM ALLOWABLE CASE TEMPERATURE 
FOR RECTANGULAR CURRENT WAVEFORM 


(2) RATINGS DERIVED FOR 0.01 WATT AVERAGE 
GATE POWER DISSIPATION. 


t/T =DUTY CYCLE 


MAXIMUM ALLOWABLE AMBIENT TEMPERATURE - °C 


° 0. 0.2 0.3 0.4 0.5 0.6 0.7 
AVERAGE FORWARD CURRENT-AMPERES 


7. C6—MAXIMUM ALLOWABLE AMBIENT TEMPERATURE 
FOR RECTANGULAR CURRENT WAVEFORM 


(eS teases 
MERE Rea e eee eae 
Nese Ett ee leat) 
ZERERSRReRESAae 
pe eal || 


GATE PULSES. 
(2) JUNCTION TEMPERATURE = 25°C 


GATE TRIGGER VOLTAGE “VOLTS 
IGGER 
o 
> 


a 2 ieancd 
ol 
uae} GATE TRIGGER CURRENT 
° ie bron = tn ~ 
-01 es ae 


a a A 
° 4 e 2 16 20 24 28 32 
GATE PULSE WIDTH~MICRO SECONDS 


8. TYPICAL VARIATION OF GATE TRIGGER VOLTAGE 
AND CURRENT WITH GATE PULSE WIDTH 
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SOR 


2N1770A-2N1777A 


The General Electric C10 Series (2N1770A-2N1777A) Silicon Controlled Rectifier is a 
reverse blocking triode thyristor semiconductor for use in low power switching and 
phase control applications requiring blocking voltages up to 400 volts, and RMS load 
currents up to 7.4 amperes. 


This series device is designed to meet MIL-S-19500/168 , and has full blocking voltage 
ratings from —65°C to +150°C. 


The following G. E. Co., low-current SCR types are also available in the same package 
outline: 


C11 (2N1770-2N1778, 2N2619) (Pub. #150.21)—T, = 125°C, up to 600V PRV 
C15 (Pub. #150.22) —T,; = 105°C, up to 600V PRV 


MAXIMUM ALLOWABLE RATINGS 


C10U (2N1770A) 


25 Volts* 


25 Volts* 


35 Volts* 
C10F (2N1771A) 50 Volts* 50 Volts* 75 Volts* 
C10A (2N1772A) 100 Volts* 100 Volts* 150 Volts* 
C10G(2N1773A) 150 Volts* 150 Volts* 225 Volts* 
C10B(2N1774A) 200 Volts* 200 Volts* 300 Volts* 
C10H (2N1775A) 250 Volts* 250 Volts* 350 Volts* 
C10C (2N1776A) 300 Volts* 300 Volts* 400 Volts* 
C10D(2N1777A) 400 volts* 400 Volts* 500 Volts* 


‘Values apply for zero or negative gate voltage only. Maximum case to ambient thermal resistance for which 
maximum Vpyoy and Vrom ratings apply = 18°C per watt. 


Peak Forward Voltage, PFV. 480 volts 
RMS Forward Current, On-State 7.4 amperes (all conduction angles) 
Average Forward Current, On-State, Half Sine Wave, I> ____»___4.7 amperes at Ty = 105°C* 
Average Forward Current, On-State ___Depends on conduction angle (see Chart 3, 5 and 7) 
Peak One-cycle Surge Forward Current, Ipy (surge) — 60 amperes* 
I*t (for fusing) Calculate from Chart 9 


Turn-On Current Limit. See Chart 10 


Peak Gate Power Dissipation, Peu 5 watts* 
Average Gate Power Dissipation, Pg (av) 0.5 watts* 
** Peak Gate Current, Iguu __s 2 amperes* 
“™ Peak Gate Voltage, Forward and Reverse, Veru and Verm 10 volts* 


—65°C to +150°C* 
—65°C to +150°C* 
15 lb-in (17 kg-cm) 


Storage Temperature, Toate. 
Operating Temperature, T; 
Stud Torque 


*Indicates data included on JEDEC type number registration. 
**NOT TO EXCEED GATE POWER RATINGS 
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CHARACTERISTICS 


Tc = —65°C to +150°C 


PEAK REVERSE OR 
FORWARD BLOCKING 
CURRENT} 


C10U (2N1770A) 9.0 Vrouw = Vrouw = 25V Peak 
C10F (2N1771A) 9.0 Vrox = Vrox = 50V Peak 
C10A(2N1772A) 9.0 Vrom = Vrou = 100V Peak 
C10G (2N17738A) 8.0 Vaom = Vrouw = 150V Peak 
C10B(2N1774A) 6.0 Vrox = Vrouw = 200V Peak 
C10H(2N1775A) 5.0 Vrou = Vrox = 250V Peak 
C10C (2N1776A) 4.0 Vrouw = Vros = 300V Peak 
C10D(2N1777A) 2.0 Vrox = Verom = 400V Peak 


FULL CYCLE AVG 


Tax (AV) 


REVERSE OR FORWARD or Tc = +105°C, To = 4.7A 

BLOCKING CURRENT} Tex av 180° Conduction Angle 
C10U (2N1770A) 4.5* Vuxsa = Vexa = 25V Peak 
C10F (2N1771A) 4.5* Vixa = Vex = 50V Peak 
C10A (2N1772A) 4.5* Vaxx = Vexu = 100V Peak 
C10G(2N1773A) 4.0* Vaxu = Vex = 150V Peak 
C10B(2N1774A) 3.0* Vuxse = Vexux = 200V Peak 
C10H (2N1775A) 2.5* Vixu = Vexu = 250V Peak 
C10C (2N1776A) 2.0* Vexs = Vexu = 300V Peak 
C10D(2N1777A) 1.0* Vaxa = Vexu = 400V Peak 


Tc = —65°C to +150°C, Vex = 12 Vde, 
Ri = 250 ohms 


Tc = +25°C, Irn = 15A Peak, 1 millisecond wide 
pulse. Duty cycle = 1%. 


Tc = +25°C, Anode supply = 24 Vdc, Gate 
Supply = 7V, 20 ohms. Initial forward current 
pulse = 0.5A, 0.1 millisecond to 10 milliseconds 
wide. 


HOLDING CURRENT 


EFFECTIVE THERMAL 
RESISTANCE (DC) 


{Values apply for zero or negative gate voltage only. Maximum case to ambient thermal resistance for which maximum 
Vrouw and Vrom ratings apply equals 18°C/watt. 


*Indicates data included on JEDEC type number registration. 


OUTLINE DRAWING 
(Complies with JEDEC registered TO-64 outline) 


© 10-32 STEEL NUT 
CADMIUM PLATED 


@ LOCKWASHER, 


NOTES: 
(1) Contour and orientation of fixed terminal lugs erent PLATED 


are optional. 

(2) The outline contour (with exception of hexagon) 
is optional within zone defined by ¢D and J. 

(3) Minimum diameter of seating plane. 

(4) A chamfer (or undercut) on one or both ends 
of hexagonal portion is optional. 

(5) Minimum difference in terminal Jengths to 
establish datum line for numbering terminals. 

{6) Pitch diameter—thread 10-32 NF-2A (Coated). 
Reference (Screw Thread Standards for Federal 
Services 1957) Handbook 1957 H28. 

(7) Minimum spacing between terminals. 

(8) Insulating kit available upon request. 


664 


MAXIMUM ALLOWABLE CASE TEMPERATURE -°C 


MAXIMUM ALLOWABLE CASE TEMPERATURE -°C 


100 


2 
40 1 
20 + 
10 ah 
iz 
4.0F +. T 
JUNCTION eee 
TEMPERATURE = 150°C 
2.0 + —. 


1 


INSTANTANEOUS FORWARD CURRENT — AMPERES 


04 
02 
.O1 + 4 i —t 
° 0.5 1.0 im) 2.0 25 30 


INSTANTANEOUS ON- VOLTAGE - VOLTS 


1 MAXIMUM FORWARD CHARACTERISTICS— 


ON-STATE 
150 
140 L 
130 | rf pe 
'20'—connu 0 180A 


ANGLE 


CONDUCTION | 


(2) RATINGS ARE DERIVED FOR 0.5 WATT AVERAGE GATE 
POWER. 


(3) 1 1/72"% 11/2" IS MINSMUM FIN SIZE FOR WHICH RATINGS __| 
APPLY. (18°C PER WATT MAXIMUM THERMAL RESISTANCE 
CASE TO AMBIENT)|_. : ee Le 


(4) RATINGS APPLY FOR ANODE CURRENT RATE OF RISE =5 
AMPERES PER MICROSECOND MAXIMUM. 


fe) ' 2 3 4 5 6 7 8 
AVERAGE FORWARD CURRENT -AMPERES 


3 MAXIMUM ALLOWABLE CASE TEMPERATURE 
FOR HALF WAVE RECTIFIED SINE 
WAVE OF CURRENT 


aie ee 
Qe — 


; % DUTY CYCLE® 


t) (100) 
T 


FREQUENCY * 50 TO 4002. 4 
RATINGS APPLY FOR ANODE =| 


80) 


RATE OF RISE « 5 AMPERES PER 
MICROSECOND MAXIMUM. 

RATINGS DERIVED FOR 0.5 WATT 
AVERAGE GATE POWER DISSIPATION. 
laec PER WATT MAXIMUM CASE TO 
AMBIENT THERMAL RESISTANCE 


60) 


40) 


nhc) 


60 


AVERAGE FORWARD POWER DISSIPATION- WATTS 


INSTANTANEOUS FORWARD CURRENT —AMPERES 


o 1 2 3 4 5 6 7 8 9 10 WwW 2 3 14 
INSTANTANEOUS ON- VOLTAGE -VOLTS 
2 MAXIMUM FORWARD CHARACTERISTICS, 
HIGH CURRENT LEVEL—-ON-STATE 
14 - a 
13) it | { + — 4 lt 
12 / sees 
/ 
n eae es He | 
O* - {180° 
to t—+ CONDUCTION —+——+-——+- 4 
ANGLE 
9 aoe 
8 
7 a ee a 
6 hes 
5 ttt 
NOTES 
4 (1) JUNCTION TEMPERATURE — 
5 150°C. 
(2) FREQUENCY =50 Té 400Hz. — 
2 (3) CURVES APPLY FOR ANODE | 
CURRENT RATE OF RISE = 
‘ 5 AMPERES PER MICRO- 
SECOND MAXIMUM. = 
ro) 
() ' 2 3 4 5 6 7 a 9 


AVERAGE FORWARD CURRENT- AMPERES 


4 FORWARD POWER DISSIPATION FOR 
HALF WAVE RECTIFIED SINE 
WAVE OF CURRENT 


x outy cycce efti{l00) —— 


NOTES: 


+ (1) JUNCTION TEMPERATURE = -— 
isoec, , 


20 


20 
AVERAGE FORWARD CURRENT - AMPERES 


5 MAXIMUM ALLOWABLE CASE TEMPERATURE 
FOR RECTANGULAR CURRENT WAVEFORM 


3.0 40 


AVERAGE FORWARD POWER DISSIPATION-WATTS 


: (2) FREQUENCY «50 TO 400 He. 
(3) CURVES APPLY FOR ANODE -4 


CURRENT RATE OF RISE =5 


AMPERES PER MICROSECOND 4 
MAXIMUM. { 


50 


20 3.0 40 
AVERAGE FORWARO CURRENT — AMPERES 


6 FORWARD POWER DISSIPATION FOR 
RECTANGULAR CURRENT WAVEFORM 


C10 SERIES 


NOTES: (1} SUGGESTED COOLING FIN OESIGNS. FINAL 
DESIGN SHOULD BE CHECKED TO ASSURE 
THAT STUD TEMPERATURE DOES NOT 
EXCEED VALUE SPECIFIED IN CHART 3 

(2) ALL FINS 1/16" THICK COPPER -FINS 
PAINTED ~STUD MOUNTEO DIRECTLY 
TO FIN- MINIMUM FIN SPACING 
} INCH, 

(3) RESISTIVE OR INDUCTIVE LOAD ,50 
TO 400 Hz -FREE CONVECTION 
COOLING. 

(4) CURVES SHOWN ARE FOR 180° CONDUCTION 
ANGLE. FOR OTHER CONDUCTION ANGLES, 
MULTIPLY CURRENT SCALE BY THE 
FOLLOWING FACTORS. 


AVERAGE FORWARD CURRENT -AMPERES 


20 too 120 140 
AiuaieN Teneenasunes °c 


7 MAXIMUM FORWARD CURRENT VS. AMBIENT 


FORWARD SURGE CURRENT-AMPERES RMS 


15 2 


NOTES :(I) FOR CALCULATING I7t 
RATINGS 
(2) JUNCTION TEMPERA- 
TURE, PRIOR TO SURGE, 


TEMPERATURE FOR VARIOUS FIN SIZES 


-65°C TO 150°C 


MAXIMUM ALLOWABLE FORWARD CURRENT- AMPERES 


5 6 7 83 


PULSE TIME - MILLISECONDS 
9 MAXIMUM ALLOWABLE NON-RECURRENT 


8 


NOTES: 


PEAK HALF SINE WAVE FORWARD CURRENT -AMPERES 


11. MAXIMUM 


(2) SUNCTION TEMPERATURE ,PRIOR 


456786910 
CYCLES AT 60 CPS 


ALLOWABLE NON-RECURRENT 
PEAK SURGE FORWARD CURRENT 


SUB-CYCLE SURGE CURRENT RATING 


(0 AT RATED LOAD CONDITIONS 
O SURGE,-65°C TO + 1S0°C 


JUNCTION TEMPERATURE;65°C 

TO +150°C | 
aa Seah PR Tea T 
MINIMUM CURRENT REQUIRED 
TO FIRE ALL UNITS AT: : 


MAX. 


cE aN 


w 
5 
° 
> 
1 
Wl 
VOLTAGE: & 
° 
> 
is} 
b 
4 


AWE 
ANN 


JAX. GATE VOLTAGE 
8 Ol AT 150°C O02V 
r) 10 20 30 40 
x GATE CURRENT- MA 


oe 
SHADED AREAS \ 
Rer Rese NT LOcus MAXIMUM ALLOWABLE 
OF POSSIBLE FIRING '\ CONST 


NTANEOUS GATE 
POINTS FROM -65°C Des 
TO +150°C POWER = 5.0 WATTS 


INSTANTANEOUS GATE VOLTAGE - VOLTS 


MAX. ALLOWABLE PEAK | 
GATE CURRENT =2.0 A —--—+4 


08 12 16 2.0 


1°) 04 
INSTANTANEOUS GATE CURRENT ~ AMPERES 


8 TRIGGERING CHARACTERISTICS 


24 


INSTANTANEOUS VALUE 
OF ANODE CURRENT 
MUST NEVER EXCEED 
TURN-ON CURRENT LIMIT 
+ LINES SHOWN. 

(1) OC TO 400 Hz. 

(2) CASE TEMPERATURE 

~66°C TO +150°C. 

(3) GATE SUPPLY: 7 VOLT! 
OPEN CIRCUIT, 250HMS 
RISE TIME=4 MICRO- 
SECONDS(10% TO 90%). 


04 0608 10 2 4 680 20 40 60 80100 
TIME FROM START OF CURRENT FLOW- MICROSECONDS 


10 TURN-ON CURRENT LIMIT 


NOTE : CURVE DEFINES TEMP RISE OF JUNCTION ABOVE 
CASE FOR SINGLE LOAD PULSE OF DURATION t. PEAK 
| [ [J] ALLOWABLE DISSIPATION IN RECTIFIER FOR TIME t¢, IF 


STARTING FROM CASE TEMP, EQUALS [50°C (MAX 


Ty) MINUS MAXIMUM CASE TEMR DIVIDED BY THE ma 
TRANSIENT THERMAL IMPEDANCE: 


-T 
PreAke soe c- 1c 


TRANSIENT THERMAL IMPEDANCE - °C/ WATT 


M-cin 

FOR OPTIMUM RATINGS AND FURTHER INFORMATION, SEE PUBLICATION 200.9 
ENTITLED "POWER SEMICONDUCTOR RATINGS UNDER TRANSIENT AND 
INTERMITTENT LOADS” 


ob 2 8 a] 2 S I 2 6 0 20 50 
TIME (1)- SECONDS 


12 MAXIMUM TRANSIENT 
THERMAL IMPEDANCE 


[cis 


| C11 SERIES SEE 2N1770-8 PAGE 322 


The General Electric C13 Complementary Silicon Controlled Rectifier (CSCR) is a three- 
terminal, planar-passivated PNPN device in the standard, low-cost plastic TO-98 JEDEC pack- 
age. As CSCR’s, the C13F and the C13Y offer greater flexibility in circuit design through the 
use of the anode gate. The three leads are designatd as anode, anode gate and cathode. 


208 

Outstanding Features Applications YEDEC OUTLINE. TO-98 — 
Planar Passivated Structure Automotive Switching Low Level Logic NOTE sted dane eoipnsaes wie bes | = 
Low Leakage Current SCR Triggering Memory Circuits ng le, een 20 an nd a hels O85 265 

. . “ max. A i 

Low Triggering Current Ring Counters se die eee 
Low Forward Voltage Drop Level Detectors (500 SEATING 
L : ° ALL DIMEN. IN INCHES AND ARE Hl fl fl MIN PLANE 

ow Cost Fuse Circuits REFERENCE UNLESS TOLERANCED - sstrce 

s oe . 050% .005 
High Gate Breakdown Voltage Miniature Lamp Drivers A I4| F 


; -|.100+ .005 
$3 Leaps Ad 105, 
+002 090 
or *! 
(NOTE 1) : 
* “Tro 


The C13 CSCR operates similarly to the conventional SCR. The major difference is that the device is turned on by forward biasing 
the junction between the anode and the anode gate. The voltage on the anode gate is made negative with respect to the voltage on the 
anode. “Conventional” SCR’s are turned on by injecting current into the lower p-base (cathode gate), while those that are turned 
on through the upper n-base (anode gate) are called “complementary” SCR’s. A four-terminal, Silicon Controlled Switch (SCS) has 
connections to both bases and either, or both, bases may be used to initiate switching. 


MAXIMUM ALLOWABLE RATINGS 


Non-Repetitive Peak 
Reverse Voltage, 


Working and Repetitive 
Peak Reverse Voltage, 


Peak Forward 
Blocking Voltage, 


Vows Vawm & Varu Vasu 
(Roa = 1K) (Open Gate) (Open Gate) 

C13Y 30 volts 30 volts 30 volts 

C13F 50 volts 50 volts 50 volts 
*Reverse Blocking Voltage, Vaw (Finite gate resistance) ........ 0. cece eee eee eee tne ene ene nett n nae nets 5 Volts 
Continuous Forward Current, Ir ...... cc cece cece cee eee et nena n enn e EE EE Ene E eens anes 250 Milliamperes 
Peak Forward Current, Irray (10 usec., 1% Duty Cycle, 100°C) ..... 6c eee ee ee tne nent nen n eens 3 Amperes 
Peak Forward Current, Irrw (100 usec., 1% Duty Cycle, 100°C) 2.6... ccc eect ene eet eee teenies 1 Ampere 
Peak Forward Surge Current, Irs (non-repetitive, 5 usec., 25°C) 2... cee ce eee eee ee te eee een es 10 Amperes 
Peak Forward Gate Current, Ica... 0... cece eee een nee ee ete eee e Enea tee nent ees 50 Milliamperes 
Peak Reverse Gate Current, Tou ............. a todadhicteuGtarace, datare wooo land tea Addon braee els Ga cere Hh cain aia te Elaa aiaaeine Saar > gy ERS 50 Milliamperes 
Peak Reverse Gate Voltage, Vom .. 0.0... cece ee Eee EEE EE eee eT Eee eee teen eee EE ee en E ES 30 Volts 
Average Gate Power Dissipation, Poway) 1.2.2... 00 ccc ee ee ene ete eter e een nen e teenies 10 Milliwatts 
Storage Temperature, Tstg ...... 0. cece cece eee ee nner ene nee een EEE EEE tena eee e tenet eens —65°C to +150°C 
Operating Temperature ......... ccc EEE Eee nent EEE ET eee een nna ees —55°C to +100°C 
Total Power, Pr (Derate linearly to 0 at 100°C) 2.20... ccc cee en een nen nett ener e reer ences 450 mW 


*When used on AC operation with finite gate resistance, a diode must be added in series with the cathode to absorb the reverse voltage. 
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CHARACTERISTICS 


(at 25°C, unless otherwise noted) 


A 


Vp = rated, Rae = 1K 


Vo = rated, Re = 1K, 
Ta = 100°C 
= rated, Open Gate 


Forward 
Blocking 
Current 


Reverse 
Blocking 
Current 


= rated, Open Gate, 
Ts = 100°C 


100 ohms 
100 ohms, 


Gate Trigger 
Current* 


Vo = 6 volts, Ri = 


Vo= 6 volts, Ri = 100 ohms 


'Vp= 6 volts, Ri = 100 ohms, 
Ta = 100°C 


Gate Trigger 
Voltage** 


Forward 
Voltage 
Drop 


I, = 250mA 


I, = 250 mA, T, = 100°C 


Holding 
Current 


Turn-On 

Time tee 
Recovery 

Time 


*Ior measured using current source. **Var measured using voltage source. 


7 = 1K, Ts = 100°C 


i) 
beter 


tr® 10 to 90% u 

tam Oto 10% ~Waveeon 
tttet te, Pa BB SS COVERED 

wes, WAVEFORM 


TURN-ON TIME : RECOVERY TIME 


CIRCUIT A CIRCUIT B 
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Igt — NA 


FORWARD HOLDING CURRENT — 2A 


16 
Eee eeee 
000 gi = 
eae 
ines Ope eC me 
mal le acs Ea Glee SE 
| est all es) SN te SE eed 
2h. =e Sees 
Pe Fs OO I a en 
ECGS RSPAS 
S11 ae ib tia 
5 COPE I 
aaa a ei Peal 
ese el 
PCCP 
pe 
glee IS) ES es eh Je el 
Enna wee Se 
Pe ie ed Ma 
-75 50-25 0 425° «+50. +75 +100 “75-50 ~25 ° +25. «+502 +750 H100—«+12SSC:«S ISO 
AMBIENT TEMPERATURE~ °C AMBIENT TEMPERATURE °C 
1. TYPICAL GATE TRIGGER CURRENT vs. 2. TYPICAL FORWARD BLOCKING VOLTAGE 
AMBIENT TEMPERATURE AND ANODE CURRENT vs. AMBIENT 
TEMPERATURE 


Roi ld ihe eAeeaeee 
eh seat eral awe a tS Wei ode 
PN {aaa eee eee ee 
eeu 3 Ae eee eee 
eee r LN 
| {| 2, 
fae SRR 
bl ed Oe enc Oe a 
ess Po i Piees 
ze a 
as | | 
pale) i ; 
+25 -75 -50 -25 ° +25 +50 +75 +100 
AMBIENT TEMPERATURE -°C AMBIENT TEMPERATURE -*C 
3. TYPICAL FORWARD HOLDING CURRENT 4. TYPICAL GATE TRIGGER VOLTAGE vs. 
vs. AMBIENT TEMPERATURE AMBIENT TEMPERATURE 
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C13 


APPLICATIONS 


T 
N-I5V INITIATE 
oc °* : 


2.2k 


TIME DELAY 40-60 SECS WITH COMPONENTS 
SHOWN 


C13 DOUBLES AS TIMING THRESHOLD AND LOAD DRIVER 


This circuit is an interesting twist in timers. Here the C13 is used as both the sensitive timing element and the load driver. Power is 
applied to the circuit with the initiate switch open circuited. The 25uF capacitor charges through the Al4 diode and 2.2K resistor to 
full supply voltage. When the initiate switch is closed, the “low” side of the capacitor is suddenly raised to +12. This raises the diode 
side of the capacitor to approximately +24. The capacitor immediately begins discharging through the 1 meg in series with 3.3 megs. 
Eventually, the C13 gate becomes forward biased and the device turns on thereby applying power to the relay. The delay is virtually 
independent of supply voltage. 


LOW COST RING COUNTER 


C13’s can also be used for ordinary thyristor applications. This ring counter makes an efficient, low cost circuit featuring automatic 
resetting via the first stage 3N84. As many stages as desired may be cascaded. 
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SCR C15 SERIES 


The General Electric C15 Series Silicon Controlled Rectifier is a reverse blocking triode 
thyristor semiconductor device for use in power switching and phase control applica- 
tions requiring blocking voltages up to 600 volts, and RMS load currents up to 8.0 
amperes. 

This series device is particularly suitable for high-volume, consumer /industrial applica- 
tions. 


a following G. E. Co., low-current SCR types are also available in the same package 
outline: 


C10 (2N1770A-2N1777A) (Pub. #150.20) —T; = 150°C, up to 400V PRV 
(JAN Types 2N1770A-2N1777A to MIL-S-19500/168B also available) 
C11 (2N1770-2N1778, 2N2619) (Pub. #150.21) —T; = 125°C, up to 600V PRV 


MAXIMUM ALLOWABLE RATINGS 


25 volts 480 volts 25 volts 40 volts 
50 volts 480 volts 50 volts 75 volts 
100 volts 480 volts 100 volts 150 volts 


150 volts 480 volts 150 volts 220 volts 
200 volts 480 volts 200 volts 300 volts 
300 volts 480 volts 300 volts A400 volts 
400 volts 480 volts 400 volts 500 volts 
500 volts 600 volts 500 volts 600 volts 
600 volts 720 volts 600 volts 720 volts 


Values apply for zero or negative gate voltage only. Maximum case to ambient thermal resistance for which 
maximum Vyoy and Vgaomw ratings apply equals 18°C per watt. 


RMS Forward Current, On-State 8.0 amperes (all conduction angles) 
Average Forward Current, On-State_______——=—S—t—<CSCsCSCSSC. 3.0 amples at 75°C case (half-wave rectified) 
5.0 amperes at 75°C case (full-wave rectified) 

(See Charts 3 and 5) 


Peak One Cycle Surge Forward Current, Ipy (surge)__-______»»> ss CsCSCsSCSFSCOFstSCSCSCSC‘RAF amples 
T?t (for fusing) (Calculate from Chart 8) 


Peak Gate Power Dissipation, Peu 5 watts i 


Average Gate Power Dissipation, Pe (AV)____—E—————C——C OC (MW OTTTCTCOTTCC TCO watts 
Peak Reverse Gate Voltage, Veny——__~_-__——CCOCO CCC 10 «~olt 


Storage Temperature, Twst¢ —65°C to +150°C 
Operating Temperature, T;_.-_-_____ SE SSSSS—C—SSSSSSSSSSSSSSSSS BPS to +105°C 
Stud Torque 15 lb-in (17 kg-cm) 
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C15 


PEAK REVERSE OR 
FORWARD BLOCKING 
CURRENT” 


GATE TRIGGER CURRENT 


GATE TRIGGER VOLTAGE 


PEAK ON-VOLTAGE 


HOLDING CURRENT 


EFFECTIVE THERMAL 
RESISTANCE (DC) 


Ter 


Vor 


Venu 


Tuo 


O3-c 


CHARACTERISTICS 


a4 
oe 


DON DOB 93 00 0 
SO0099990 


mA To = —65°C to +105°C 
Vaom = Vrom= 25V Peak 
Vrou = Vroum = 50V Peak 
Vrom = Vrou = 100V Peak 


Vrom = Vrom = 150V Peak 
Vrom = Vrow = 200V Peak 
Vrom = Vrou = 300V Peak 
Vrouw = Vrom = 400V Peak 
Vrom = Vrom = 500V Peak 
Vrou = Vyrom = 600V Peak 


25 mAde | Tc = +25°C, Vex = 6 Vde, Ru = 125 ohms 
50 mAde To = —65°C, Vex = 6 Vde, Ru = 125 ohms 
2.5 Vde Tc = —65°C to +105° C, Vrx = 6 Vde, 
Ri = 125 ohms 
— Vde To= +105°C, Vexm = Rated Vrom; Ri = 250 ohms 
1.85 Vv To = +25°C, Iru = 15A Peak, 1 millisecond wide 
pulse. Duty cycle = 1%. 

30 mA Tc = +25°C, Anode supply = 24 Vde, Gate 
Supply = 7V, 20 ohms. Initial forward current 
pulse = 0.5A, 0.1 millisecond to 10 milliseconds 
wide. 

3.1 °C/watt | Junction to case. 


Values apply for zero or negative gate voltage only. Maximum case to ambient thermal resistance for which maximum 
Vrow and Vrom ratings apply equals 18° C/watt. 


OUTLINE DRAWING 
(Complies with JEDEC registered TO-64 outline) 


NOTES: 


(1) Contour ang orientation of fixed terminal lugs 


are optional. 


(2) The outline contour (with exception of hexa 
is optional within zone defined by @D and J 


(3) Minimum diameter of seating piane. 


gon) 


(4) A chamfer (or undercut) on one or both ends 


of hexagonal portion is optional. 


(5) Minimum difference in terminal lengths to 
establish datum line for numbering terminals. 
(6) Pitch diameter—thread 10-32 NF-2A (Coated). 
Reference (Screw Thread Standards for Federal 


Services 1957) Handbook 1957 H28. 
(7) Minimum spacing between terminals. 
(8) Insulating kit available upon request. 


© 10-32 STEEL NUT 
CADMIUM PLATED 


@ LOCKWASHER, 


Seer PEATED A 300] .400 | 7.62 | 10.16 
8 | .080| .136 | 203] 3.45] 1 
FT) 424 10.7712 
oD, | 400 10.16 3,4 
E | .424| .437 | 10.77 | 11.40 
e 013 330 7 
e, | .060 1.52 5 
F | 060} .175 | 1.52 | 445] 4 
I 700 | .855 | 17.78 | 21.72] 2 
om [163 | .189 | 4.14] 4.80 
N | .400 | .453 | 10.16 | 11.52 
N, 078 1.98 


oT -040 | .075 1.02 1.91 
ow | 1658] .1697] 4.212, 4.31 6 
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120, 


MAXIMUM ALLOWABLE CASE TEMPERATURE -*C 


C15 


JUNCTION 
TEMP 
2105 °C 


+25°C JUNCTION +105°C JUNCTION 
TEMPERATURE TEMPERATURE 


INSTANTANEOUS FORWARD CURRENT —-AMPERES 


INSTANTANEOUS FORWARD CURRENT - AMPERES 


INCREASES TO FORWARD BREAK- 
OVER VOLTAGE 


° 0.5 1.0 156 20 25 30 35 40 45 
INSTANTANEOUS ON-VOLTAGE - VOLTS 


1 MAXIMUM FORWARD CHARACTERISTICS— 0. 2 4 6 8 10 
ON-STATE INSTANTANEOUS ON- VOLTAGE- VOLTS 


2 MAXIMUM FORWARD CHARACTERISTICS, 
HIGH CURRENT LEVEL—ON-STATE 


ny 


— ' t 
0 160 360 
CONDUCTION 
ANGLE 


CONDUCTION 
ANGLE * 30° 


CONDUCTION ANGLE 
90° 


60' 


CONDUCTION 
ANGLE = 30° 


NOTES: 

(1) RESISTIVE OR INDUCTIVE LOAD, 50 TO 400 Hz. 

(2) RATINGS DERIVED FOR 0.5 WATT AVERAGE GATE 
POWER DISSIPATION, 

(3) | v2"xX 1 172" IS MINIMUM FIN SIZE FOR WHICH RATINGS| 
APPLY (18°C PER WATT MAX. THERMAL RESISTANCE 
CASE TO AMBIENT). | { | | 

(4) RATINGS APPLY FOR ANODE CURRENT RATE OF RISE= 

5 AMPERES PER MICROSECOND MAXIMUM. 


NOTE 


$: 

(1) FREQUENCY =50 TO 400 Hz, 

(2) JUNCTION TEMPERATURE = 
105 °C, 

(3) CURVES APPLY FOR ANODE 
CURRENT RATE OF RISE 25 
AMPERES PER MICROSECOND 

MAXIMUM, 


AVERAGE FORWARD POWER DISSIPATION-WATTS 


(e) I 2 3 4 5 6 7 8 % ' 2 3 4 5 6 7 8 
AVERAGE FORWARD CURRENT — AMPERES AVERAGE FORWARD CURRENT -AMPERES 
3 MAXIMUM ALLOWABLE CASE TEMPERATURE FOR 4 FORWARD POWER DISSIPATION FOR HALF WAVE 
HALF WAVE RECTIFIED SINE WAVE OF CURRENT RECTIFIED SINE WAVE OF CURRENT 
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TES: 
{I) RESISTIVE OR INDUCTIVE LOAD, 50 TO 400 Hz. 

(2) 1/2" xX 1 72" IS MINIMUM FIN SIZE FOR WHICH RATINGS APPLY. (18°C 
PER WATT MAX. THERMAL RESISTANCE CASE TO AMBIENT). 


SS 


1oorF= 


(3) THE CONDUCTION ANGLE IS THE TOTAL TIME OF CONDUCTION. 
(N THE EXAMPLE TO THE LEFT 120° CONDUCTION IS ILL- 
USTRATED 8Y THE TOTAL SHADED AREA. 
Sats (4) RATINGS DERIVED FOR 0.5 WATT AVER- 
AGE GATE POWER DISSIPATION. 
{5) PROPER OPERATION RE-~ 
QUIRES SPECIAL APP- 
LICATION PRE- 
* CATIONS. 
(6) RATINGS APPLY FOR ANODE CURRENT 
RATE OF RISE =5 AMPERES FOR 
MICROSECOND MAXIMUM. 


120 180 §=69300 360 


| CYCLE OF 
SUPPLY 


CONDUCTION ANGLE « 
60° 


80 


ES: 

(1) FREQUENCY #50 TO 400 Hz. 
(2) JUNCTION TEMPERATURE =105°C. 
(3) THE CONDUCTION ANGLE IS THE 

TOTAL TIME OF CONDUCTION. IN THE 


20 


120 180 300 360 


i CYCLE OF SUPPLY 
FREQUENCY = 


EXAMPLE SHOWN TO THE UPPER 
LEFT, 120° CONDUCTION IS ILLUS- 
TRATED BY THE TOTAL SHADED ARE. 


(4) CURVES APPLY FOR ANODE CURRENT 


RATE OF RISE =5 AMPERES PER 
MICROSECOND MAXIMUM. 


MAXIMUM ALLOWABLE CASE TEMPERATURE -*C 
AVERAGE FORWARD POWER DISSIPATION-WATTS 
t) 


| 

| 
I 
| 

| 

] 
tt 
| 


{o) ' 2 3 4 5 6 7 8 fe) l 2 3 4 5 6 7 8 
AVERAGE FORWARD CURRENT— AMPERES AVERAGE FORWARD CURRENT —AMPERES 


5 MAXIMUM ALLOWABLE CASE TEMPERATURE FOR 6 FORWARD POWER DISSIPATION FOR 
FULL WAVE RECTIFIED SINE WAVE OF CURRENT FULL WAVE RECTIFIED SINE WAVE 
TT | | T OF CURRENT 


\ NOTE: JUNCTION TEMPERATURE, -65°C TO | 


MIN GATE CURRENT REQ- 
UIRED TO TRIGGER ‘i 


l- 
hb 
fo} 


INSTANTANEOUS GATE VOLTAGE- VOLTS: 


NOTES :(1) FOR CALCULATING 171 
RATINGS 


INSTANTANEOUS GATE VOLTAGE - VOLTS 
FORWARD SURGE CURRENT-AMPERES RMS 
} 


6 A ai. 
0) 20. 30 40 50 
IN TANTANEOUS GATE CURRENT-mA (2) JUNCTION TEMPERA- 
u arate TURE, PRIOR TO SURGE, 
| XQ t 20 ~65°C TO 105°C 
4 SHADEO AREA REP- ae 4 
RESENTS LOCUS OF ~s 
POSSIBLE TRIGGERING POINTS ~N_ 
—{|- FROM-65°C TO +105°C- Tt 10 
MAX ALLOWABLE INSTANTANEOUS GATE “~~ 
2 \- POWER DISSIPATION =5.0 WATTS 
4 1.0 15. 2 3 4 5 6 7 83 
PULSE ‘TIME ~- MILLISECONDS 
°5 05 16 5 20 8 MAXIMUM ALLOWABLE NON-RECURRENT 


INSTANTANEOUS GATE CURRENT —AMPERES 


7 TRIGGERING CHARACTERISTICS 


SUB-CYCLE SURGE CURRENT RATING 


NOTES: (1) AT RATED LOAD CONDITIONS 


(2) JUNCTION TEMPERATURE, tla 
TO SURGE,-65°C TO + 105°C 


E: CURVE DEFINES TEMP RISE OF JUNCTION ASOVE 

CASE FOR SINGLE LOAD PULSE OF DURATION f. PEAK 
[] ALLOWABLE DISSIPATION IN RECTIFIER FOR TIME 1, IF [|_| 
STARTING FROM CASE TEMP, EQUALS [05°C (MAX = 
Ty) MINUS MAXIMUM CASE TEMP DIVIDED BY THE 
TRANSIENT THERMAL IMPEDANCE: 
PaeanalOsec= Tc 

os-ci) 

FOR OPTIMUM RATINGS AND FURTHER INFORMATION, SEE PUBLICATION 200. 
ENTITLED "POWER SEMICONDUCTOR RATINGS UNDER TRANSIENT AND 
INTERMITTENT LOADS.“ 


00s I 2 O85 A 5S l 2 & 10 50 
Tue {t}- SECONDS 


I 2 3 4 


S$ 6 78910 
CYCLES AT 60 CPS 


20 30. 40 «50 60 


PEAK HALF SINE WAVE FORWARD CURRENT ~AMPERES 
TRANSIENT THERMAL IMPEDANCE - °C/ WATT 


9 MAXIMUM ALLOWABLE NON-RECURRENT PEAK 


SURGE FORWARD CURRENT 10 MAXIMUM TRANSIENT THERMAL IMPEDANCE 
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C20 SERIES SEE C220 


C30 SERIES SEE C230 


Controlled 
Rectifier 


35A RMS max. Up to 800 Volts 


e No Peak Forward Voltage Limitation , Standard TO-48 Outline 


e Broad Voltage Range-Up to 700V (400 Desi .S. 
Volt RMS Applications) e Designed to Meet MIL-S Pee t08h 
¢ Backed by 20 Years of Design and Field 
Experience 


OUTLINE DRAWING 
(COMPLIES WITH JEDEC T0-48) 


Lut, Ni, ploted, .178 


: 
(COMPLIES WITH JEDEC TO.48) SYMBOL MINN” MAX, | MINE. “Max, | NOTES 
A (330 0: 8.38 | 12,83 
oy wb Nd wo] 2927 3.50 2 
—t £ an 
od, 
SEE NOTES 4 oa 
3A as os 1 y 202 
a. SEE NOTES NY tl 
T WZ 
; L 4 7 ref 
me 
ry eE nN a { @ 
7. t) 060 
SEE NOTES 1 
és Or Pz 
: SEATING BONT ~ 
B. 


Ext. oath lackwasher, 
steel, Ni. plated, .023 min, thk 


C. Mica washer in insulating kit adds 
0°C/W junction-to-heatsink. 


MAXIMUM ALLOWABLE RATINGS 


25 Volts 
50 Volts 
100 Volts 
150 Volts 


200 Volts 
250 Volts 
300 Volts 
400 Volts 
500 Volts 
600 Volts 
700 Volts 


25 Volts 

50 Volts 
100 Volts 
150 Volts 
200 Volts 
250 Volts 
300 Volts 
400 Volts 
500 Volts 
600 Volts 
700 Volts 


sa 

35 Volts 

75 Volts 
150 Volts 
225 Volts 
300 Volts 
350 Volts 
400 Volts 
500 Volts 
600 Volts 
720 Volts 
840 Volts 


*Values apply for zero or negative gate voltage only. Maximum case to ambient thermal resistance for which maximum 


Vrouw and Vromu ratings apply equals 11°C/watt. 
+Devices are marked as indicated in this column. 


RMS Forward Current, On-State 
Ayerage Forward Current, On-State 


35 amperes (all conduction angles) 
Depends on conduction angle (see Chart 3, 5, and 7) 


Peak One-cycle Surge Forward Current, Ipy (surge) 
It (for fusing) 


225 amperes 


75 ampere? seconds (for times =1.5 milliseconds) 


5 watts 


Peak Gate Power Dissipation, Pex 
Average Gate Power Dissipation, Pe (av) 


0.5 watts 


5 volts 


Peak Reverse Gate Voltage, Varu 
Storage Temperature, Tot. 


—65°C to +150°C 


Operating Temperature, T; 


—65°C to +125°C 


Stud Torque 


30 lb.-inch, (85 kg-cm) 


Turn-On Current Limit 


See Chart 11 
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[css | 


PEAK REVERSE OR 
FORWARD BLOCKING 
CURRENT?t 

C3bU 

C35F 


FULL CYCLE AVG. 
REVERSE OR FORWARD 
sere CURRENT} 


GATE TRIGGER CURRENT 


GATE TRIGGER VOLTAGE 
PEAK ON-VOLTAGE 


HOLDING CURRENT 


CRITICAL RATE OF 
RISE OF FORWARD 
BLOCKING VOLTAGE 
(Higher values may cause 
device switching) 

C35U 


CIRCUIT COMMUTATED 
TURN-OFF TIME 


EFFECTIVE THERMAL 
RESISTANCE (DC) 


Tex «avy 
or 
Trx cv) 


Ter 


Ver 


Vem 


Tuo 


dv/dt 


tore 


93-c 


CHARACTERISTICS 
mA Tc = —65°C to +125°C 
oo 13.0 Vrox — Vero = 25V Peak 
ae 13.0 = 50V 
peers 13.0 = 100V 
—— 13.0 = 150V 
sae 12.0 = 200V 
— 11.0 = 250V 
a 10.0 = 300V 
ss 8.0 = 400V 
ose 6.0 = 500V 
— 5.0 = 600V 
— 4.5 = 700V 
Tc = +65°C, In = 16A 
mA 180° Conduction Angle 
—_ 6.5 Vaxm = Vexu = 25V Peak 
— 6.5 = 50V 
— 6.5 = 100V 
—— 6.5 = 150V 
— 6.0 = 200V 
— 5.5 = 250V 
—_— 5.0 = 300V 
—_—— 4.0 = 400V 
— 3.0 = 500V 
— 2.5 = 600V 
— 2.25 = 700V 
—. 40 mAdc Tes = +25°C, Vex = 12 Vde, Ri = 50 ohms 
— 80 mAde Tc = —65°C, Vex = 12 Vde, Ru = 50 ohms 
— 3.0 Vde Tc = —65°C to 125°C, Vex = 12 Vde, Ri = 50 ohms 
0.25 —_— Vde To = +125°C, Vrxu = Rated Vrou, Ri. = 1000 ohms 
2.0 Vv To = +25°C, Inu = 50A Peak, 1 millisecond wide 
pulse 
—— | 100 mAde Tc = +25°C, Anode supply = 24 Vde, Gate 
Supply = 10V, 20 ohms, 45 usec min. pulse width. 
Initial forward current pulse = 0.5A, 0.1 millisec- 
ond to 10 milliseconds wide. 
V/psec. Tce = +125°C. 
Gate open circuited. 
Vrou = Rated. 
10 — 
10 — 
20 — 
20 — 
20 —_ 
20 —. 
25 — 
25 — 
25 _— 
10 — 
10 — 
Tc = 125°C, Rectangular current waveform. Rate 
— 15 usec, of rise of current <10A/nsec. Rate of fall of 
current <= 5A/usec. 
Tru = 10A (50 usec pulse). Repetition rate — 60 
Zz. Vuxa SS Rated. Reverse voltage at end of 
turn-off time interval Vaux = 15V. Vexm = Rated. 
Rate of rise of reapplied forward voltage = 10V/ 
usec (C35U, C35F, C35M, C35S). Rate of 
rise of reapplied forward voltage = 20V/zsec 
(C35A, C35G, C35B, C35H, C35C, C35D, C35E). 
Gate bias = 0 Volts, 100 ohms (during turnoff 
interval). 
1.7 |°C/watt 


+Values apply for zero or negative gate voltage only. Maximum case to ambient thermal resistance for which maximum 
Vrom and Vuow ratings apply equals 11°C/watt. 
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INSTANTANEOUS FORWARD CURRENT-AMPERES 


1. MAXIMUM FORWARD CHARACTERISTICS—ON-STATE 


1H Tt 


JUNCTI 


INSTANTANEOUS ON-VOLTAGE — VOLTS 


INSTANTANEOUS FORWARD CURRENT — AMPERES 


INSTANTANEOUS ON-VOLTAGE — VOLTS 


2. MAXIMUM FORWARD CHARACTERISTICS— 


HIGH CURRENT LEVEL—ON-STATE 


~ 
iJ 


8 
cy 


2 
° 


g 


o 
r=} 


2 
ts] 


° 


MAXIMUM ALLOWABLE CASE TEMPERATURE 
° 


ele] | 
4 
— | al oc 
le oe . 
NOTES: | 
| (YRESISTIVE OR INDUCTIVE LOAD, 50 TO 400K) 2 +. 4 
a (2)1°C PER WATT MAXIMUM THERMAL i E 
RESISTANCE CASE TO AMBIENT ‘ 5 50 4 
(3)RATINGS DERIVED FOR 0.5 WATT AVERAGE ' 
GATE POWER DISSIPATION : 3 4 we 
(CURVES APPLY FOR ANODE CURRENT ___| & o 180" Sat 
RATE OF RISE = IO AMPERES PER MICRO- Bo) eceaniction ae iva 
| SECOND MAXIMUM +4 a0. coe 30° T 
] 
hes — § a + 
| : Say CONDUCTION 
/ \t i ANGLE® 30° 
i | 
or Cee 
CONDUCTION L = tt ~ 
ANGLE= 30% 60" ———7- 
| T is] if CONDUCTION ¥ 20 
es | 120" I ANGLE & aie eo 
i c = OTES: 
(1) JUNCTION TEMPERATURE = 125°C 
ai 10 (2) FREQUENCY * 50 TO 400Hz = J 
(3) CURVES APPLY FOR ANODE 
+ ie CURRENT RATE OF RISE*I0 | 
Be AMPERES PER HSEC MAX 
} 4 $+} a Seo aioe eee ne Ones ae | 
o ry ® 2 16 20 24 ze 32 


4 8 2 16 20 2 32 


AVERAGE FORWARD CURRENT--AMPERES 


3. MAXIMUM ALLOWABLE CASE TEMPERATURE 
FOR SINUSOIDAL CURRENT WAVEFORM 


% 


AVERAGE FORWARD CURRENT—AMPERES 


4. FORWARD POWER DISSIPATION 
FOR SINUSOIDAL CURRENT WAVEFORM 


°*¢ 


MAXIMUM ALLOWAGLE CASE TEMPERATURE - 


es On a 


(1) FREQUENCY = 50 TO 400 Hz 


RATE OF RISE 
MICROSECOND MAXIMUM. 


(2) CURVES APPLY FOR ANODE CURRENT 
210 AMPERES PER 


(3) RATINGS DERIVED FOR 0.5 WATT 
AVERAGE GATE POWER DISSIPATION. 

(4) °C PER WATT MAXIMUM THERMAL] 

RESISTANCE CASE TO AMBIENT. 


I 


16 
AVERAGE FORWARD CURRENT - AMPERES 


5. MAXIMUM ALLOWABLE CASE TEMPERATURE FOR RECTANGULAR CURRENT WAVEFORM 


12 14 18 


677 


C35 
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NOTES: 
(I) JUNCTION TEMPERATURE = (25°C 
(2) FREQUENCY = SO TO 400 Hz 
(3) CURVES APPLY FOR ANOOE 
CURRENT RATE OF RISE « 


AVERAGE FORWARD POWER DISSIPATION - WATTS 
+ 


IOAMPERES PER MICROSECOND 
MAXIMUM 


3 


AVERAGE FORWARD CURRENT - AMPERES 
6. FORWARD POWER DISSIPATION 
FOR RECTANGULAR CURRENT WAVEFORM 


TTT. TT 


MIN. GATE CURRENT REQUIRED TO 
TRIGGER ALL UNITS AT 
425°C ~68°C 


MIN GATE VOLTAGE 
REQUIRED TO . 
TRIGGER ALL 


INSTANTANEOUS GATE VOLTAGE - VOLTS 
n 


oF 


° 
INSTANTANEOUS GATE CURRENT - MA 


MAX. ALLOWABLE INSTANTANEOUS 
yO~ GATE POWER DISSIPATION = 


INSTANTANEOUS GATE VOLTAGE - VOLTS 


FROM -65°% TO +125°C, 
° 0.4 0.8 2 6 2.0 24 
INSTANTANEOUS GATE CURRENT - AMPERES 


8. GATE TRIGGERING CHARACTERISTICS 


) CURVE DEFINES TEMPERATURE RISE OF 
YUNCTION ABOVE 


THERMAL (MPEDANCE - °C PER WATT 
3S 


g 


TIME (t)- SECONDS 


PEAK HALF SINE WAVE 
FORWARD CURRENT—AMPERES 


10. MAXIMUM TRANSIENT THERMAL IMPEDANCE—JUNCTION TO CASE 


AVERAGE FORWARD CURRENT- AMPERES 
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Fit SIZE 


L UTS eo Te Sy 


6x6" 


NOTES: (1) RESISTIVE OR INDUCTIVE LOAD, 50 TO 400 Hz 
FREE CONVECTION COOLING. 
—- @) CURVES SHOWN ARE FOR 180° CONDUCTION ANGLE -—~ 


FOR OTHER CONDUCTION ANGLES, MULTIPLY CURRENT 
VALUES BY FOLLOWING FACTORS: ie 91 


on os De - 140 — 
USE CURVES FOR DC,Is8, 38, 66 CIRCUITS BY CHOOSING 
PROPER CONDUCTION ANGLE FACTOR 


(9 CHART 3 CURVES ARE LIMITING. 
{4} ALL FINS 1/16" THICK COPPER WITH EMISSIVITY * 90% 


STUD MOUNTED DIRECTLY TO COPPER FIN, MINIMUM —; 
FIN SPACING = 3/4" 


aes Gens en San Genes eee 


40 60 80 too 120 140 160 180 200 
AMBIENT TEMPERATURE- °C 


7. MAXIMUM FORWARD CURRENT VS. AMBIENT TEMPERATURE 


FOR VARIOUS FIN SIZES 


NOTE: JUNCTION TEMPERATURE !MMEDIATELY 
PRIOR TO SURGE -65°C_TO +125°C 


CYCLES AT 60 Hz 


9. MAXIMUM ALLOWABLE NON-RECURRENT PEAK SURGE 
FORWARD CURRENT AT RATED LOAD CONDITIONS 


MAXIMUM ALLOWABLE FORWARO CURRENT AMPERES 


(1) INSTANTANEOUS VALUE OF ANODE 
CURRENT MUST NEVER EXCEED 
TURN -ON CURRENT LIMIT LINES {4 
SHOWN. 


(2) OC TO 400 Hz 
(3) CASE TEMPERATURE: ~65°C TO +125°C 
(4) GATE SUPPLY: 7 VOLTS OPEN 
CIRCUIT, BO OHMS; RISE TIME 
* 4 MICROSECONDS (10% TO 90%) 


04 06 0810 2 4 6 80 20 © 6 8010 


TIME FROM START OF CURRENT FLOW- MICROSECONOS 


11. TURN-ON CURRENT LIMIT 


| C36 SERIES SEE PAGE 328 


R C37 


800 Volts 25 A. RMS Max. 105°C Max. Case Temperature 


The C37 Silicon Controlled Rectifier is a three-junction semiconductor device for 
use in power switching and control applications requiring a blocking voltage of 
800 volts or less and average load currents up to 16 amperes. Its low cost makes it 
suitable for high volume consumer/industrial applications. 

An ideal inexpensive trigger device for this Controlled Rectifier is a Silicon Uni- 
junction transistor, such as type 2N2647. 


MAXIMUM ALLOWABLE RATINGS 


C37U 25 volts 480 volts 25 volts 40 volts 


C37F 50 volts 480 volts 50 volts 75 volts 
C87A 100 volts 480 volts 100 volts 150 volts 
C37B 200 volts 480 volts 200 volts 300 volts 
C37C 800 volts 480 volts 800 volts 400 volts 
Cc37D 400 volts 500 volts 400 volts 500 volts 
C37E 500 volts 600 volts 500 volts 600 volts 
C37M 600 volts 720 volts 600 volts 720 volts 
C378 700 volts 840 volts 700 volts 840 volts 
C37N 800 volts 960 volts 800 volts 960 volts 


Values apply for zero or negative gate voltage only. Maximum case to ambient thermal resistance for which maximum Vrou 
and Vrom ratings apply equals 11°C per watt. 


RMS Forward Current, On-State 25 amperes 
Average Forward Current, On-State Depends on conduction angle (See Charts 3 and 5) 
Peak One Cycle Surge Forward Current, Ip (surge) 125 amperes 
It (for fusing) 40 ampere? seconds (for times =1.5 milliseconds) 
Peak Gate Power Dissipation, Pex 5.0 watts 
Average Gate Power Dissipation, Pg (AV) 0.5 watts 
Peak Reverse Gate Voltage, Venu 10 volts 
Storage Temperature, T.tz —40°C to +105°C 
Operating Temperature, T; —40°C to +105°C 
Stud Torque 30 inch-pounds 

(35 kg-cm) 
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C37A 
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FULL CYCLE AVERAGE 
FORWARD OR REVERSE 
BLOCKING CURRENT” 


C37U 
C37F 
C37A 
C37B 
C37C 
C37D 
C37E 
C37™M 
C378 
C37N 


BODIES 29 OLD DH 
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CNASCCOSCANTA 


CHARACTERISTICS 


Tc = —40°C to +105°C 


Vrou = Vrom = 25 Volts Peak 

Vrom = Vrom = 50 Volts Peak 

Vrom = = Vrom = = 100 Volts Peak 
Vrom = Vrom = 200 Volts Peak 
Vrom = Viom — 800 Volts Peak 
Vrom = Vrom — 400 Volts Peak 
Vrom = Vrom = 500 Volts Peak 
Vrou = Vrouw = 600 Volts Peak 
Vromu = Vrom = 700 Volts Peak 
Vrom = Vrom = 800 Volts Peak 


To = +60°C, Ip = 11.0 Amperes 
180° Conduction Angle 


Verxm = Vaxm = 25 Volts Peak 

Vrxm = Vaxm = 50 Volts Peak 

Verxm = Vaxa = 100 Volts Peak 
Vexm = Vaxu = 200 Volts Peak 
Vexu = Vaxu = 300 Volts Peak 
Vexmu = Vaxm = 400 Volts Peak 
Vex = Vaxu = 500 Volts Peak 
Vex = Vaxu = 600 Volts Peak 
Verxm = Vaxu = 700 Volts Peak 
Vexm = Vaxu = 800 Volts Peak 


Tc = —40°C to 105°C, Vex = 12 Vde, Ri = 50 ohms 


To= +105°C, Vrxu = Rated Vyom; Ri = 1000 ohms 


Values apply for zero or negative gate voltage only. Maximum case to ambient thermal resistance for which maximum Vrox and 


Vnrom ratings apply equals 11°C per watt. 
NOTE: 


For applications where the rate of anode current rise (di/dt) exceeds 10 amperes per microsecond, please contact your Local 


OUTLINE DRAWING 
(COMPLIES WITH JEDEC TO-48) 


G-E Sales Representative for component selection. 


NOTES: 

. Complete threads to extend to 
within 2% threads of seating 
plane. Diameter of unthreaded 
portion .249” (6.32MM) Maxi- 
mum, .220” (5.59MM) Minimum. 

. Angular orientation of these 
terminals is undefined. 

» 4-28 UNF-2A. Maximum pitch 
diameter of plated threads shall 
be basic pitch diameter .2268” 
(5.76MM), minimum pitch diam- 
eter .2225” (5.66MM), reference: 
screw thread standards for Fed- 
eral Service 1957, Handbook 
H28, 1957, P1. 

. A chamfer (or undercut) on one 
or both ends of hexagonal por- 
tions is optional. 

. Case is anode connection. 

. large terminal is cathode con- 

nection. 

- Small terminal is gate connec- 

tion. 

. Insulating kit available upon re- 
quest. 

» Y%-28 steel nut, Ni. plated, .178 
min. thk. 

. Ext. tooth lockwasher, 
steel, Ni. plated, .023 min. thk. 
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INSTANTANEOUS ON-VOLTAGE ~ VOLTS 


2. MAXIMUM POWER DISSIPATION FOR 
HALF WAVE RECTIFIED SINE WAVE OF CURRENT 


1. MAXIMUM FORWARD CHARACTERISTICS, 
CONDUCTING STATE 


NOTES : 35, 
(1) RESISTIVE OR INDUCTIVE LOAD, 

~~ 50 TO 400 CPS 
100 (2) RATINGS DERIVEO FOR 0.5 WATT 


(1) JUNCTION TEMPERATURE = 105°C 


NOTE 


eter GATE POWER DISSIPATION 0 (2) THE CONDUCTION ANGLE 1S’ THE TOTAL TIME 
(3) 3X3 (S MINIMUM FIN SIZE FOR of SONOUET ION. WW. THE EXAMPLE Brows 
WHICH RATINGS APPLY (11°C PER tee 
~ WATT MAXIMUM THERMAL RESISTANCE TRE ST OTAN SHARED, REE 
80 \ NN oS CASE TO AMBIENT} 2 
AN me = 
\ Lo) 120 180 300 360 
60 FIcYcLe OF SUPPLY 
FREQUENCY 


ANGLE® 30° 


AVERAGE FORWARD POWER DISSIPATION - WATTS 
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MAXIMUM ALLOWABLE CASE TEMPERATURE - °C 


° <I | 
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AVERAGE FORWARD CURRENT - AMPERES 


3. MAXIMUM ALLOWABLE CASE TEMPERATURE FOR 4. MAXIMUM FORWARD POWER DISSIPATION FOR 
HALF WAVE RECTIFIED SINE WAVE OF CURRENT FULL WAVE RECTIFIED SINE WAVE OF CURRENT 
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NOTES: ()) petal OR INOUCTIVE LOAD , 50 
PROPER OPERATION REQUIRES SPECIAL APPLICATION PRECAUTIONS } 
(2) ‘RATINGS DERIVED FOR 0.5 WATTS AVERAGE GATE POWER 
(3) 3"X3" IS MINIMUM FIN SIZE FOR WHICH RATINGS ey ei °C PER 
WATT MAXIMUM THERMAL RESISTANCE CASE TO AMBIENT ) 
(4) THE CONOUCTION ANGLE JS THE TOTAL TIME a CONOUCTION. 
one EXAMPLE AT 


LEFT 120° CONDUCTION {S$ NLUSTRA 


THE TED 
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5. MAXIMUM ALLOWABLE CASE TEMPERATURE FOR 
FULL WAVE RECTIFIED SINE WAVE OF CURRENT 


PEAK HALF SINE WAVE FORWARD CURRENT-AMPERES 


6 8 
CYCLES AT 60 CPS 
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INSTANTANEOUS GATE VOLTAGE - VOLTS 


THERMAL {MPEDANCE -°C PER WATT 


7. MAXIMUM ALLOWABLE NON-RECURRENT PEAK SURGE 
FORWARD CURRENT AT RATED LOAD CONDITIONS 
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-40°C TO +105°C 


MIN. GATE CURRENT REQ‘D TO 
TRIGGER ALL UNITS AT: 


+25°C 


ANANN 
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Se GATE VOLTAGE THAT 
WILL NOT TRIGGER ANY UNITS 
AT 105°C =0.25 VOLTS 


100 50 200 


\ INSTANTANEOUS GATE CURRENT- MILLIAMPERES 


SHADED AREA REPRESENTS 
LOCUS OF POSSIBLE TRIGGERING 


\ POINTS FROM -40°C To +105°C 


0.8 


MAX. ALLOWABLE 

INSTANTANEOUS GATE 

POWER DISSIPATION 
N= 5.0 WATTS 


1.2 1.6 2.0 


INSTANTANEOUS GATE CURRENT- AMPERES 
6. GATE TRIGGER CHARACTERISTICS 


16 
14 ~+ 
12 
NOTES: 
ike} () CURVE DEFINES TEMPERATURE RISE OF JUNCTION | 


ABOVE CASE TEMPERATURE FOR SINGLE LOAD 
PULSE OF DURATION t PEAK. ALLOWABLE 
DISSIPATION IN SCR, FOR TIME t, STARTING 
FROM CASE TEMPERATURE EQUALS 108°C 
(MAX Ty) MINUS CASE TEMPERATURE 

DIVIDED BY THE TRANSIENT 

THERMAL IMPEDANCE : 

P, 198°C — To 

7a Oy—cirt 


FOR OPTIMUM RATINGS ANO FURTHER upon tATION 4 
SEE PUBLICATION 200.9 ENTITLED “Pow 
SEMICONDUCTOR RATINGS UNDER TRANSIENT 
AND INTERMITTANT LOADS.” 


Lo 
TIME (1)-SECONDS 


8. MAXIMUM TRANSIENT THERMAL IMPEDANCE — 
JUNCTION TO CASE 


The C38 Silicon Controlled Rectifier is a three junction semiconductor device for use in 
power switching and control applications requiring a blocking voltage of 500 volts or less 
and RMS Forward Currents up to 35 amperes. Because of its higher Junction Temperature 
Rating than the C35 (2N681-92) series, it will prove useful in applications calling for 
higher ambient temperatures or smaller heat sinks than the C35 series permits. 


@ No Peak Forward Voltage Limitation @ Standard TO-48 Outline 
@ Thermal Fatigue Free @ Long Creepage Path 
@ High Junction Temperature (150°C) @ Low Thermal Resistance 


OUTLINE DRAWING 
(COMPLIES WITH JEDEC TO-48) 


NOTES: 
Complete threads to extend t 
withi 


threads of seating (COMPLIES WITH JEDEC TO-48) 


INCHES, MILLIMETERS: 


eter of unthreode SYMBOL MINS MAK: 
4 #1 
3. $b, 
SEE NOTES 4 
3485 / i T 
SEE NOTES 
86 EZ am 
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Pd 
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7 ral is gate connec- 
tion, SEE NOTES 
8, Insulating kit availoble upon re- 247 
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quest. 
4-28 steei nut, Ni. plated, .178 
min. thk, 

|. Ext. tooth lockwasher, 
steel , Ni. ploted, 023 min. thk. 


Minimum Forward Breakover Repetitive Peak Reverse Transient Peak Reverse 
Voltage (Vz0)* Voltage (PRV)* Voltage (Non-recurrent <5.0 Millisec.)* 
T; = —65°C to +150°C Tr = —65°C to +150°C T; = ~65°C to + 150°C 


25 volts 25 volts 35 volts 
50 volts 50 volts 75 volts 
100 volts 100 volts 150 volts 


150 volts 150 volts 225 volts 
200 volts 200 volts 300 volts 
250 volts 250 volts 350 volts 
300 volts 300 volts 400 volts 
400 volts 400 volts 500 volts 
500 volts 500 volts 600 volts 


*Values apply for zero or negative gate voltage only. Maximum case to ambient thermal resistance for which maximum 
PRV ratings apply — equals 11°C/watt. 


MAXIMUM ALLOWABLE RATINGS 


RMS Forward Current 35 amperes (all conduction angles) 
Average Forward Current (Io) Depends on conduction angle (see charts 3 & 5) 
Peak One-cycle Non-recurrent Surge Current (isurge) 150 amperes 
Peak Non-recurrent Surge Current during Turn-on time Interval See Chart 10 
I°t (for fusing) 75 ampere? seconds (for times = 1.5 milliseconds) 
Peak Gate Power (pe) 12 watts 
Average Gate Power (Pc) 0.5 watt 

™ Peak Gate Current (ig) 2.0 amperes 

** Peak Gate Voltage (v.) (Forward and Reverse) 10 volts 
Storage Temperature —65°C to + 150°C 
Operating Temperature —65°C to + 150°C 
Stud Toraue 30 inch-pounds 


*SNOT TO EXCEED GATE POWER RATINGS 683 


CHARACTERISTICS 


Peak Reverse and Forward } iz and is T;= 25°C 
Blocking Current* 
C38U is 7 Vac = Vea = 25v peak 
C38F . i 50 
C38A : P 
C38G ‘ ql 
C38B ‘ 
C38H F . 
C38C 5 a 
C38D 2 
C38E 3 A 
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T; = 150°C 
Vac = Vea = 25v peak 
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Gate open circuited. vac = Rated. 
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Peak Reverse and Forward | ig and is 

Blocking Current* 
C38U 
C38F 
C38A 
C38G 
C38B 
C38H 
C38C 
C38D 
C38E 


Rate of Rise of Forward dv/dt 

Voltage that Will Not Turn 

on SCR** 

Gate Current to Fire 

Gate Voltage to Fire 
J-C 


Vac= 6 Vde, Ts = 25°C, Ri = 50 ohms 


T: = 25°C, Ir = 5.0 Ade, vac = Rated. 
Gate supply: 10 volt open circuit, 25 ohm, 
0.1 usec. max. rise time. 


Forward Voltage Drop 
Holding Current | on | 


Turn-off Time tore 
Linear 


Thermal Resistance °C/watt | Junction to case 


*Values apply for zero or negative gate voltage. Max. case to ambient thermal resistance for which max. PRV ratings apply = 11°C per watt. 
**See Chart 8. 


T= 150°C, ir = 10a, in = 5a, Vac 
(reapplied) = Rated, dv/dt = 20v/ysec 
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1. MAXIMUM FORWARD CHARACTERISTICS 2. MAXIMUM FORWARD ‘CHARACTERISTICS 
CONDUCTING STATE HIGH CURRENT LEVEL—CONDUCTING STATE 
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AVERAGE FORWARD POWER DISSIPATION- WATTS 


MAXIMUM ALLOWABLE CASE TEMPERATURE - °C 
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NOTES (1) DC,1%, 38,6@ CIRCUITS - RESISTIVE 
OR INDUCTIVE LOAD, 50 TO 400 CPS 
(2) 110°C PER UNIT MAXIMUM THERMAL 
RESISTANCE CASE TO AMBIENT 
(3) RATINGS DERIVED FOR 0.5 WATT 
AVERAGE GATE POWER 


AVERAGE FORWARD CURRENT - AMPERES 


3. MAXIMUM ALLOWABLE CASE TEMPERATURE FOR 
SINUSOIDAL CURRENT WAVEFORM 


AVERAGE FORWARD CURRENT- AMPERES 


4. FORWARD POWER DISSIPATION FOR 
SINUSOIDAL CURRENT WAVEFORM 
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AVERAGE FORWARD POWER DISSIPATION- WATTS 
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NOTES (1) ies sigh paanls 50 TO 400 CPS 

THIS NLY FOR INDUCTIVE 
toa GRCuiTs. WITH LOAD XL/R 
RATIO > 10 
FOR OTHER LOAD CONDITIONS, SEE CHART 3 
RATINGS DERIVED FOR 0.5 WATT AVERAGE 
neg POWE 

R WATT MAXIMUM THERMAL 
RESISTANCE CASE TO AMBIENT. 


MAXIMUM ALLOWABLE CASE TEMPERATURE -°C 


AVERAGE FORWARD CURRENT - AMPERES 


5. MAXIMUM ALLOWABLE CASE TEMPERATURE FOR 
RECTANGULAR CURRENT WAVEFORM 


S$: 

) JUNCTION TEMPERATURE = 150°C 
USE THIS CURVE ONLY FOR INDUCTIVE LOAD 
CIRCUITS WITH LOAD X_7R RATIO > 10 

FOR OTHER LOAD CONDITIONS SEE CHART 4 
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RATE OF RISE (dv/dt)-VOLTS PER MICROSECOND 
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OF POSSIBLE FIRING POINTS FROM | | 
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7. FIRING CHARACTERISTICS 
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8. TYPICAL RATE OF RISE (dv/dt) OF FORWARD VOLTAGE 


THAT WILL NOT TURN ON SCR 
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PEAK HALF SINE WAVE FORWARD 


THERMAL IMPEDANCE -*C/WATT 
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MAXIMUM ALLOWABLE PEAK FORWARO CURRENT - AMPERES 
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CYCLES AT 60 CPS 
MAXIMUM ALLOWABLE NON-RECURRENT SURGE CURRENT 
AT RATED LOAD CONDITIONS 


|| ee NOTES (1) CURRENT RISE TIME (10 TO 90%) LIMITED To 25 
MICROSECONOS MINIMUM. 
Peta [eae ed |e (2) 10.0 VOLTS (OPEN CIRCUIT), 25 OHM GATE SOURCE. zi 
nnn as (3) THIS CURVE MUST NOT BE USED FOR RECURRENT || 
SWITCHING. SEE APPLICATION NOTE 200.28 
Reine FOR FURTHER INFORMATION 


250 \ (4) JUNCTION TEMPERATURE IMMEDIATELY PRIOR 
TO TURN-ON~65°C TO 150°C 
oi ne a 
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100 200 300 400 500 
PEAK FORWARD BLOCKING VOLTAGE PRIOR TO SWITCHING - VOLTS 


10. PEAK NON-RECURRENT SURGE CURRENT DURING 
TURN-ON TIME INTERVAL 
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(1) CURVE DEFINES TEMPERATURE RISE OF JUNCTION 
ABOVE CASE TEMPERATURE FOR SINGLE LOAD 
PULSE OF DURATION t. PEAK ALLOWABLE 
DISSIPATION WW OSCR FOR TIME t, STARTING 
FROM CASE TEMPERATURE EQUALS 150°C (MAX 
Ty } MINUS CASE TEMPERATURE, DIVIDEO BY THE 

TRANSIENT THERMAL !MPEDANCE : 


150 °C -To 
®y-cw) 


PrEAKs 


(2) FOR OPTIMUM RATINGS AND FURTHER 
INFORMATION SEE PUBLICATION 200.9 
ENTITLED "POWER SEMICONOUCTOR RATINGS a 
UNDER TRANSIENT AND INTERMITTENT LOADS: 
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11. MAXIMUM TRANSIENT THERMAL IMPEDANCE JUNCTION 


TO CASE 
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SCR 5 


80 ARMS = 25to 1200 Volts 


The C45 and C46 SCR’s are rated 80 amperes RMS to 1200 volts, for use 
in industrial phase control applications where high voltage and general pur- 
pose performance are required. 


FEATURES: APPLICATIONS: 
e Broad Voltage Range — « DC Motor Drives 
Up to 1200V e Plating Supplies 
e Standard TO-94 e Battery Charging 
Outline e AC Regulators 


C46 


MAXIMUM ALLOWABLE RATINGS 


REPETITIVE PEAK REPETITIVE PEAK TRANSIENT PEAK 
OFF-STATE VOLTAGE, REVERSE VOLTAGE, REVERSE VOLTAGE, 


VpRM VRRM Vrasm'! 
Ty = -40°C to +125°C Ty = -40°C to +125°C Ty = +125°C 
C45, C46 U 25 Volts 25 Volts 35 Volts 
C45, C46 F 
C45, C46 A 
C45, C46 G 
C45, C46 B 
C45, C46 H 
C45, C46 C 
C45, C46 D 
C45, C46 E 
C45, C46 M 
C45, C46 S 
C45, C46 N 
C45, C46 T 
C45, C46 P 
C45, C46 PA 
C45, C46 PB 


(1)Half sine wave waveform, 10 msec. maximum pulse width. 


RMS Forward Current, On-State, Ip¢ams) +--+ tts 80 Amperes (All Conduction Angles) 
Average Forward Current, On-State, It(av)-- +--+ ee eee Depends on Conduction Angle (See Charts 2 and 3) 
Peak One-Cycle Surge Forward Current, Ipgy ++ eee ttt tte nes 800 Amperes 
Maximum Repetitive Rate-of-Rise of Anode Current During Turn-On Interval: 6. occ eee ed eee eh ea 100A/ps 
I?t (for fusing), for times > 8.3 milliseconds (See Figure 8) ....--- +--+ +++ eee eee 2600 (RMS Ampere)? Seconds 

1.5 milliseconds (See Figure 8)... 0.2... - cee eee eee 2100 (RMS Ampere)” Seconds 
Peak Gate Power Dissipation, Pay (See Figure 6)... 2.2... 20-0 eee eee eee eee 100 Watts for 150 Microseconds 
Average Gate Power Dissipation, Pg(av) --- +e ee ttt ttre et teen ener enes 2.0 Watts 
Peak Negative Gate Voltage, Vom -- +0 eee cece cece ttre ett ttt e tenes este testes 10 Volts 
Storage Temperature, TsTG.- ee ett tte e eee tence nent n nes -40°C to +150°C 
Operating Temperature, Ty... 6-2-2 ee cee eee tte terete trees -40°C to +125°C 
Stud Torque... 00. cee ee ee eee ee eae ee eae 125 Lbs.-In. (Min.), 150 Lbs.-In. (Max.) 


Fi tinier od dseecgnte ia sasitiagtg Ot racetnetat els akarin Sle ata vektel Jaa BMace ape ae a 14 N-m (Min.), 17 N-m (Max.) 


CHARACTERISTICS 


Pest | svmaon | in. | max. | units TEST CONDITIONS 


Peak Off-State or Reverse T; = -40°C to +125°C 
Current 


C45, C46U Vorm = Var = 25= Volts - Peak 
C45, C46F 
C45, C46A 
C45, C46B 
C45, C46H 
C45, C46C 
C45, C46D 
C45, C46E 
C45, C46M 
C45, C46S 
C45, C46N 
C45, C46T 
C45, C46P 
C45, C46PA 


C45, C46PB 


Gate Trigger Current Tc = +25°C, Vp = 6 Vde, Ry = 3 ohms, 
tp = 20 usec. 


Tc = -40°C, Vp = 6 Vdc, Ry = 3 ohms, 
tp 2 20 usec. 


To = +125°C, Vp = 6 Vdc, Ry, = 3 ohms, 
typ > 20 usec. 


Gate Trigger Voltage Tc = -40°C to +120°C, Vp = 6 Vdc, Ry 
= 50 ohms, tp # 20 sec. 
Tc = +125°C, Vp = Rated, Ry = 1000 
ohms, tp = 20 usec. 


Peak On-State Voltage To = +25°C, Ipy, = 500 Amps. Peak, Duty 
Cycle < .01%. 
Holding Current 


Tc = +25°C, Anode Supply = 25 Vdc, 
Effective Thermal Resistance 


Initial Forward Current = 2 Amps. 
Critical Rate-of-Rise of Forward Ts = +125°C Rated Vprm, Gate Open 
Blocking Voltage. (Higher values Circuited. 
may cause device switching.) 
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MAXIMUM ALLOWABLE CASE TEMPERATURE - °C 


AVERAGE FORWARD POWER DISSIPATION - WATTS 


100 


40 


INSTANTANEOUS FORWARD CURRENT-AMPERES 


° 10 2.0 


SQUARE WAVE 
| 


10 — wel DUTY fe 
ONE CYCLE 


50 - 400 Hz OPERATION 


10 20 30 40 50 60 76 80 
AVERAGE FORWARD CURRENT-AMPERES 


2. MAXIMUM ALLOWABLE CASE TEMPERATURE 
FOR RECTANGULAR CURRENT WAVEFORM 


160 T T 
140 _| t + 
50 TO 400Hz OPERAT 
Ty 125°C | 
120 +— 
100 + 
7 
sot | + 


DUTY CYCLE % 
6.25 


40 
po 
20 T %DUTY CYCLE = +-(100) 
‘ || fe seh 
0 10 20 30 40 50 60 70 80 


AVERAGE FORWARD CURRENT -AMPERES 
4. AVERAGE FORWARD POWER DISSIPATION 
FOR RECTANGULAR CURRENT WAVEFORM 
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3.0 
INSTANTANEOUS ON VOLTAGE - VOLTS 


1. MAXIMUM FORWARD CHARACTERISTICS — 
ON-STATE 


MAXIMUM ALLOWABLE CASE TEMPERATURE -°C 


AVERAGE FORWARD POWER DISSIPATION - WATTS 


40 5.0 60 


SINUSOIDAL 


| + 50 - 400 Hz OPERATION 


10 20 30 40 50 60 70 80 
AVERAGE FORWARD CURRENT -AMPERES 


3. MAXIMUM ALLOWABLE CASE TEMPERATURE 
FOR SINUSOIDAL CURRENT WAVEFORM 


160 
140 —— + — > 
50 - 400 Hz OPERATION 
= 125°C 
120 | 
100 — 
80 4 
CONDUCTION 
60 ANGLE 3 oa | 
40 _ 
0Y 180° 
20 4 CONDUCTION 
-| ANGLE }- 
. L icra 
° 10 20 30 40 50 60 70 80 


AVERAGE FORWARD CURRENT - AMPERES 
5. AVERAGE FORWARD POWER DISSIPATION 
FOR SINUSOIDAL CURRENT WAVEFORM 


THERMAL IMPEDANCE - °C/WATT 


INSTANTANEOUS GATE VOLTAGE - VOLTS 


4 
3 


2 


we &BaAANDOCO 


ela Tart T 
otH— a 

PULSE GATE 
io CIRCUIT LOAD t 

LINE I5V, 452 

Tp = 10S 


NOTES: 

t. MAXIMUM ALLOWANCE 
AVERAGE GATE DISSIPATION 
= 2.0 WATTS. 

2. RECTANGULAR 
GATE PULSE. 


3. Tp=GATE CURRENT 


POSSIBLE 
OC TRIGGER 
+ 


ny 


| 
.05 .06.07.08.09.1 


2 3 4 


5 6 7.89 1 


INSTANTANEOUS GATE CURRENT - AMPERES 


6. 


AMPERES 


i 
hs 
° 
2 
fo) 
x 
4 
re) 
a 


too 


40 
MSEC 


400 


4 
SEC 


TIME 


ae 


7. TRANSIENT THERMAL IMPEDANCE 
JUNCTION-TO-CASE 


800 


700 


600 


400 


300 


PEAK HALF SINEWAVE FORWARD CURRENT - AMPERES 


CURRENT (AMPERES) 


8. 1?t AND Itsy FOLLOWING RATED LOAD 


PULSE WIDTH 
4. CASE TEMPERATURE 
— 40°C TO+25°C 
5. 20V, 202, 14SEC RISE TIME 
IS MINIMUM GATE SOURCE 
LOAD LINE FOR DI/DT <100A/aSEC. 
REPETIVE LONG LIFE RATING. 
6. FOR ISV, 45.2,.5ASEC. 
RISE TIME, DI /DT*30A/aSEC. 
HAS BEEN CONFIRMED BY 
LIFE TEST. 


INSTANTANEOUS GATE CURRENT — 


2 3 4 5 6 
PULSE BASE WIOTH - MILLISECONDS 


CONDITIONS (NON-RECURRENT) 


J 


-——_ 


Ty > -40°C TO +125°C 
NOTE: 


TH 


FOR SUB-CYCLE SURGE 
(LESS THAN ONE CYCLE 
CHART 8 


DURATION 
) USE 


| 


he 


2 3 


4 5 678910 


a aaa | 
TTT 
+t }_ 
20 = 40 50 60 


NUMBER OF CYCLES (60 Hz} 


9. MULTICYCLE SURGE CURRENT — Ty = 125°C 
(NON-RECURRENT) 
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10 


OUTLINE DRAWINGS 


C45 OUTLINE (Conforms to JEDEC TO-94 Outline) TABLE OF DIMENSIONS 
Conversion Table 


FLEXIBLE 
COPPER LEAD sym. fan CrES MILLIMETERS 
MIN. MAX. 
| A_| .797] .827] 20.243 21.005 | 
|B | — | oso] — 2.032 | 
| c_| .278] .350[ 7.060] 8.890] 
| D_ | .874/ 1.030] 22,099 | 26.162 | 
| E  |1.049] 7.062] 26.644 26.975 | 
| F | -840] .910] 27.335] 23.115] 
| G_|6.204/ 6.512] 157.619 | 165.443 | 


LEADS 
cee 
2ND 

TOGETHER |__8.255 | 
Tass] 71.302] 12.319] 


[281[__ 6.375] 7.137] 
L.212[ 5.029] 5.386 


[600] 12.700] 15.240] 
P3e5[ 415] 9.778 | 10.541 


+ 
ANODE ca ) CATHODE 
P| DIA. a ‘ ‘ 
DIA. Oi fe GATE GATE 
G ; | 1.473. | 473. 


11.760] 12.649 


C46 OUTLINE 


NOTES 


1. Complete stud threads (4-20 UNF 2A) to within 2% threads of head. 
2. Flexible lead covered with silicon rubber insulation (Class H), 600 volt ASTM standard wall. 
3. Orientation of cathode and gate terminals not defined. 
4. One, 4-20 steel, cadmium plated nut and one cadmium plated spring washer supplied with each unit. 
5. Approximate weights: 
WITH HARDWARE WITHOUT HARDWARE 

UNIT OUNCES GRAMS OUNCES GRAMS 

C45 4.25 120 3.50 99 

C46 3.50 99 2.75 78 
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HIGH SPEED 


Silicon 
Controlled Rectifier 
1200 VOLTS 110A RMS 


The General Electric C48 Silicon Controlled Rectifier is an all-diffused 
device designed for power switching at high frequencies. 


FEATURES: 
Fully characterized for operation in inverter and chopper applications. 
High dv/dt with selections available. 

Excellent surge and I?t ratings providing easy fusing. 
Rugged hermetic package. 


MAXIMUM ALLOWABLE RATINGS 


REPETITIVE PEAK OFF-STATE REPETITIVE PEAK REVERSE NON-REPETITIVE PEAK REVERSE 
VOLTAGE, Vpam!) VOLTAGE, Verm') VOLTAGE, Vasm'") 


Ty = -40°C to +125°C Ty = -40°C to +125°C Ty = +125°C 


600 Volts 600 Volts 720 Volts 
700 700 840 


800 800 940 
900 900 1080 
1000 1000 1200 
1100 1100 1320 
1200 1200 1440 


1 Half sinewave waveform, 10 ms max. pulse width. 


RMS On-State Current, Lipargy 9.2 oe Avene 4 hoo BS ww es Baas Ba ee Le Dawe RE 110 Amperes 
Peak One Cycle Surge (Non-Repetitive) On-State Current, Ipgy (60 Hz) ...... 0.0000 ccc eee eee eee 700 Amperes 
Peak One Cycle Surge (Non-Repetitive) On-State Current, Ipgy (50 Hz)... 00... ccc eee eee eee 670 Amperes 
I’t (for fusing) for times > 1.5 milliseconds .... 0.2.0.0. 0 cece eee ceeececeee 1,360 (RMS Ampere)” Seconds 
I*t (for fusing) for times > 8.3 milliseconds .........000.00 cece eeeceeeecees 2,000 (RMS Ampere)? Seconds 
Critical Rate-of-Rise of On-State Current, Non-Repetitive .. 0... 0... ce ce ec ec ce eve eens 100 A/us t 
Critical Rate-of-Rise of On-State Current, Repetitive... 2... 0... cc cece cee e ete eeens 75 A/us + 
mverage Gate Power Dissipation oP Ginyy <-t.0 0 a stars ad hi hed eae hacker SAAS ds ka gs Beda teheg Roop eae de 2 Watts 
Slotage Lemperane. Vipers dan ces descreg Stew Binh ng A Mach Ala ade we Gah oh Geko aatok cela eras aaa -40°C to +150°C 
Operating Temperature, Ty... 0.0... ee cc ence eee n eee ee eeeenes -40°C to +125°C 
BSEUE BOR QUES i pcb esta te of ia ard sing te ela OS oleh oS yetip eat ens Atay Sle nae aly nsw acd years 125 — 150 Lb.--In. 

14.117 N-m 


jdi/dt ratings established in accordance with EIA-NEMA Standard RS-397, Section 5.2.2.6 for conditions of max. rated VDRM: 20 volts, 
20 ohms gate trigger source with 0.5 us short circuit trigger current rise time. 
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C48 


CHARACTERISTICS 


TEST CONDITION 


Repetitive Peak Reverse Ty = -40°C to +125°C 


and Off-State Current 


V = Vprm = Varu 


Ps freien [sanctiontotase SY 


Ty = +125°C, Gate Open. Vprm = Rated, 
Using Linear or Exponential Rising 
Waveform, 


Exponential dv/dt = a (.632) 


Critical Rate-of-Rise of = 
Off-State Voltage (Higher 


values may cause device 
switching) 


Higher minimum dv/dt selections available — consult factory. 
+25°C, Vp = 
-40°C, Vp 
= +125°C, Vp 
+25°C, Vp = 6 Vdc, Ry = 3 Ohms 
-40°C, Vp = 6 Vdc, Ry = 3 Ohms 
+125°C, Rated Vprm, RL = 1000 Ohms 


To = +25°C, lpm = 500 Amps. Peak, | ms. 
wide pulse. Duty Cycle < 1 % 


To = +125°C 


DC Gate Trigger Current 


DC Gate Trigger Voltage 


Peak On-State Voltage 


Conventional Circuit 


Commutated Turn-Off 
Time (with Reverse 
Voltage) 


C48 — 30 
C48 — 40 


Conventional Circuit 
Commutated Turn-Off 
Time (with Feedback 
Diode) 


C48 — 30 
C48 — 40 


+Consult factory for a specified maximum turnoff time. 
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Ir = 150 Amps. 

Vr = 50 Volts Min. 

Vpro (Reapplied) 

Rate-of-rise of reapplied off-state 
voltage = 20 V/psec (linear) 
Commutation di/dt = 5 Amps/usec 
Repetition rate = 1 pps 

Gate bias during turn-off interval = 
0 volts, 100 ohms 


Te = +125°C 

Ir = 150 Amps. 

Vr = 50 Volts Min. 
Vprom(Reapplied) 

Rate-of-rise of reapplied off-state 
voltage = 200 V/psec (linear) 
Commutation di/dt = 5 Amps/usec 
Repetition rate = 1 pps 

Gate bias during turn-off interval = 
0 volts, 100 ohms 


Te = 125°C 

Iy = 150 Amps. 

Vr = 1 Volt 

Vpro (Reapplied) 

Rate-of-rise of off-state voltage = 
200 V/usec (linear) 

Commutation di/dt = 5 Amps/usec 
Repetition rate = 1 pps 

Gate bias during turn-off interval = 
0 volts, 100 ohms 


PEAK ON-STATE CURRENT -AMPERES PEAK ON-STATE CURRENT ~- AMPERES 


PEAK ON-STATE CURRENT - AMPERES 


SINE WAVE CURRENT RATING DATA 


100 


25 100 t000 10000 
PULSE BASE WIOTH - ys 


1. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. PULSE WIDTH (Tc = 65°C) 


NOTES: 


(Pertaining to Sine and Rectangular or Wave Current Ratings) 

1. Switching voltage = 800 voits. 

2. Maximum circuit dv/dt = 200 V/usec 

3. Reverse voltage applied = VR < 800V. 

4. Required gate drive: 
20 volts, 20 ohms, .1 usec risetime for 75 A/usec 
repetitive rating. 

5. RC Snubber Circuit = .25 uf, 202 


15 20 i 
EE 0 aa 
ArH tt 
25 100 1000 10000 
PULSE BASE WIDTH -zs 
2. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. PULSE WIDTH (Te = 90°C) 


NJ 


SON 


PULSE BASE WIDTH - ys 


3. ENERGY PER PULSE FOR SINUSOIDAL 
PULSES (Ty = 125°C) 
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PEAK ON-STATE CURRENT -AMPERES 


PEAK ON-STATE CURRENT-AMPERES 


RECTANGULAR WAVE CURRENT RATING DATA 


DUTY CYCLE — 50% 


100 


6 8 10 20 40 80 100 


RATE OF RISE OF QN-STATE CURRENT (A/us) 


4. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. di/dt (Te = 65°C) 


60 


Kole) 


60 


10 20 40 
RATE OF RISE OF ON-STATE CURRENT (A/u8) 


MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. di/dt (Te = 90°C) 


PEAK ON-STATE CURRENT - AMPERES 
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PEAK ON-STATE CURRENT -AMPERES 


1000 


100 


100 


DUTY CYCLE — 25% 


8 10 20 40 60 80 100 


RATE OF RISE OF ON-STATE CURRENT (A/y) 


5. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. di/dt (Tc = 65°C) 


6 


10,000 PULSES PER SECOND 


6 8 10 20 40 60 


RATE OF RISE OF ON-STATE CURRENT (A/ys) 


7. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. di/dt (Te = 90°C) 


80 100 


WATT-SECOND PER PULSE 


Eva 


100 


100 


PEAK ON-STATE CURRENT - AMPERES 
PEAK ON-STATE CURRENT - AMPERES 


10 (Co 100 1000 10000 
PULSE BASE WIDTH -ys PULSE BASE WIDTH-ys 
8. ENERGY PER PULSE VS. PEAK CURRENT 9. ENERGY PER PULSE VS. PEAK CURRENT 
AND PULSE WIDTH (di/dt = 100A/usec) AND PULSE WIDTH (di/dt = 25A/psec) 
Ty = 125°C Ty = 125°C 

1000 mee i, mnas 

FPS SRN S80 HHH 

“S/T N UT ON TT Ney, KONG 


SAAR RR NTN 
PASTS ; a 


100 


PEAK ON-STATE CURRENT - AMPERES 


PAST 
10 


ite) 


I 
1000 
PULSE BASE WIDTH-ps 


10. ENERGY PER PULSE VS. PEAK CURRENT 
AND PULSE WIDTH (di/dt = 5A/usec) 


Ty = 125°C 
RECOVERED CHARGE DATA 

50; 
2 I7M=500A o 
3 400A —— Fs 
5 300A = 
8 200A ___| 8 
a a 20 
100A Ds 
q rod 
= g 
w 50A wy er 
a Q 
z a] = 
: a Bs 
© rd 
w re rm 
i i | 

oS ge 9 20 50. ~-100 a8 10 _ 50 100 
REVERSE di/dt - A/ps REVERSE di/dt -A/ps 
11. TYPICAL RECOVERED CHARGE DATA 12. TYPICAL RECOVERED CHARGE DATA 
(Ty = 25°C) (Ty = 125°C) 
SINEWAVE CURRENT WAVEFORM SINEWAVE CURRENT WAVEFORM 
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PEAK HALF SINE WAVE 
ON-STATE CURRENT- AMPERES 


12+-(RMS AMP)2 


INSTANTANEOUS GATE VOLTAGE - VOLTS 


2000 


C48 


100 


INSTANTANEOUS ON-STATE CURRENT-AMPERES 


INSTANTANEOUS ON-STATE VOLTAGE-VOLTS 


13. MAXIMUM ON-STATE CHARACTERISTICS 


20v, 402 
[LOAD LINE 


NOTES: 


1, Locus of possible de trigger points lies outside the 
boundaries shown at the various case temperatures. 

2. Rectangular gate pulses. 

3. Tp = gate current pulse width. 


20V, 200 
LOAD LINE 


| 
Jd 150 .2 
A25 


3 


8 7 10 2.0 
INSTANTANEOUS GATE CURRENT - AMPERES 


30 50 70 10 


14. GATE TRIGGERING CHARACTERISTICS AND 


POWER RATINGS 


tT 
. 
g 
= 
1000 3 
° 
' 
w 
g 
7O0O 2 
[=] 
2 
500 + || =z 
3 + 1 1 
c¢ 
= 
ae 
Ww 
=z . 
° 2 
° 5 
3° w 
° 2 
ts = 
% Ee 
( = Ol 
1 5 2 3 4 5 6 7 8 9 10 OO! Ol | | ite) 100 


15. SUB-CYCLE SURGE (NON-REPETITIVE) 
ON-STATE CURRENT AND I’t RATING 


PULSE BASE WIDTH-mS 


TIME - SECONDS 
16. TRANSIENT THERMAL IMPEDANCE — 
JUNCTION-TO-CASE 
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C48 


OUTLINE DRAWING 


TERMINAL | TERMINAL | TERMINAL Ss 
(0) @ @ THREAD SIZE 
| anooe 172-20 UNF-24 


|. ONE NUT AND ONE LOCKWASHER SUPPLIED WITH EACH UNIT. MATERIAL 
OF HAROWARE IS STEEL, CAD PLATED. 
"T" DIM. IS AREA OF UNTHREADED PORTION. COMPLETE THDS. ARE 
WITHIN 2.5 THREADS OF SEATING PLANE. 

3. ANGULAR ORIENTATION OF TERMINALS IS UNDEFINED. 


GATE CATHODE 
+ 


SEATING PLANE 


; _" 1} 
SEE NOTE 2 i to 


Le = mare ® 
—— O 
: 


AUX 
CATHODE 


NOTES: 
|. GATE & AUX. CATHODE LEADS SUPPLIED LIGHTLY TWISTED TOGETHER. 
2.FLEXIBLE COPPER LEAD. 


3, ONE NUT AND ONE LOCKWASHER SUPPLIED WITH EACH UNIT MATERIAL OF 
HARDWARE iS STEEL, CAD PLATED. 


4. *R" OIM. IS DIA. OF EFFECTIVE SEATING AREA. 


"T" DIM. [S AREA OF UNTHREADED PORTION. COMPLETE THDS. ARE 
WITHIN 2.5 THREADS OF SEATING PLANE. 


5. " 
6. ANGULAR ORIENTATION OF TERMINALS IS UNDEFINED. 


700 


INCHES 


INCHES 
MIN. | MAX. 


METRIC 


METRIC 
INCHES — NOTES 
MIN. | MAX.) MIN. | MAX. 


INCHES 
MIN. | MAX. 


HIGH SPEED 


Silicon Controlled Rectifier 


600 VOLTS 110 A RMS 


The General Electric C49 Silicon Controlled Rectifier is an all-diffused 
device designed for power switching at high frequencies. 


FEATURES: 


Fully characterized for operation in inverter and chopper applications. 
High dv/dt with selections available. 

Excellent surge and I*t ratings providing easy fusing. 
Rugged hermetic package. 


Equipment designers can use the C49 in demanding applications, such as: 


e Choppers e Induction Heaters e Cycloconverters 
e Inverters e High Frequency Lighting e DC to DC Conversion 


MAXIMUM ALLOWABLE RATINGS 


REPETITIVE PEAK OFF-STATE | REPETITIVE PEAK REVERSE NON-REPETITIVE PEAK 
VOLTAGE, Vprm') VOLTAGE, Vary!) REVERSE VOLTAGE, Vrsm') 
Ty = -40°C to +125°C Ty = -40°C to +125°C Ty = 125°C 


C49A10, C49A20 100 Volts 100 Volts 150 Volts 
C49B10, C49B20 200 200 300 


C49C10, C49C20 300 300 400 
C49D10, C49D20 400 400 500 
C49E10, C49E20 500 500 600 
C49M10, C49M20 600 600 720 


\ Half sinewave waveform, 10 ms max. pulse width. 


RMS On-State Current, Iq@ams) --- 0 - ee ee et eee eens 110 Amperes 
Peak One Cycle Surge (Non-Repetitive) On-State Current, Ipgy (60 Hz)... 2.2... ee ee ee ees 1000 Amperes 
Peak One Cycle Surge (Non-Repetitive) On-State Current, Igy (50 Hz)... 2... 0... eee ee eee 920 Amperes 
I*t (for fusing) for times > 1.5 milliseconds ... 0... 00. eee 2,850 (RMS Ampere)? Seconds 
I’t (for fusing) for times > 8.3 milliseconds... 0.0.0... cc eee 4,150 (RMS Ampere)” Seconds 
Critical Rate-of-Rise of On-State Current, Non-Repetitive 2.0.0... 20... ee ee eee 200 A/ps + 
Critical Rate-of-Rise of On-State Current, Repetitive... 2... ees 100 A/us + 
Average Gate Power Dissipation, Pgcay) . 6.6 eee ee eee tte eee eee 2 Watts 
Storage Temiperatine Wiles oc.s 221g Bars oo ous aoees Se Sw Gwe ay ele abente sa ae deal AUB ARs -40°C to +150°C 
Operating Temperature, Ty y..t/e een wieder h ede emacs ened s She Rhea rte ae eee aes -40°C to +125°C 
Stiid- Torque ins see ee ie Shed a aes, th So eagle SP atannas eaayeig Ses aoe a ed the pee ale eae 125 — 150 Lb--In. 

14.1 —17 N-m 


+di/dt ratings established in accordance with EIA-NEMA Standard RS-397, Section 5.2.2.6 for conditions of max. rated VpRM; 20 volts, 
20 ohms gate trigger source with 0.5 us short circuit trigger current rise time. 
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c49 


CHARACTERISTICS 
TEST CONDITIONS 


Repetitive Peak Reverse Ty = -40°C to +125°C 
and Off-State Current 
V = Vprm = VRRM 


Junction-to-Case 


Critical Rate-of-Rise of Ty = +125°C, Gate Open. Vprm = Rated, 
Off-State Voltage (Higher Using Linear or Exponential Rising 
values may cause device Waveform. 


Bee Vv 
switching) Exponential dv/dt =—DEM (.632) 


Higher minimum dv/dt selections available — consult factory. 
DC Gate Trigger Current = 2 = 6Vdc, Ry = 3 Ohms 
= 6Vdc, Ry = 3 Ohms 
6 Vdc, Ry = 3 Ohms 
DC Gate Trigger Voltage : = +25°C, Vp = 6 Vdc, Ry = 3 Ohms 
-40°C, Vp = 6 Vdc, Ry = 3 Ohms 
Tc = +125°C, Rated Vppam, Ry = 1000 Ohms 


Peak On-State Voltage Volts Tc = +25°C, Ipm = 500 Amps. Peak, 1 ms. 
wide pulse. Duty Cycle < 1%. 


Conventional Circuit usec To = +125°C 
Commutated Turn-Off Ir = 150 Amps. 
Time (with Reverse Vr = 50 Volts Min. 
Voltage) VproM (Reapplied) 
C49 — 10 Rate-of-rise of reapplied off-state 
voltage = 20 V/ysec (linear) 
c49 — 20 Commutation di/dt = 5 Amps/usec 
Repetition rate = 1 pps. 
Gate bias during turn-off interval = 
0 volts, 100 ohms 


Tce = +125°C 

Ty = 150 Amps. 

Vr = 50 Volts Min. 

VprM (Reapplied) 

Rate-of-rise of reapplied off-state 
voltage = 200 V/ysec (linear) 
Commutation di/dt = 5 Amps/usec 
Repetition rate = 1 pps. 

Gate bias during turn-off interval = 
0 volts, 100 ohms 


Conventional Circuit To = +125°%c 
Commutated Turn-Off Iy = 150 Amps. 
Time (with Feedback Vr = 1 Volt 
Diode) Vpro (Reapplied) 
C49 — 10 Rate-of-rise of reapplied off-state 
voltage = 200V/usec (linear) 
C49 — 20 Commutation di/dt = 5 Amps/usec 
Repetition Rate = 1 pps 
Gate bias during turn-off interval = 
0 volts, 100 ohms 


+Consult factory for maximum turn-off times for these conditions 
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SINE WAVE CURRENT RATING DATA 
C49 


19 
2530 50 80100 200 300 500 1000 2000 5000 10000 
PULSE BASE WIDTH-uS 


1. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. PULSE WIDTH (Tc = 65°C) 


NOTES: 
(Pertaining to Sine and Rectangular Wave Current Ratings) 
1. Switching voltage = 400 volts. 
2. Maximum ckt. dv/dt = 200 volts/usec. 
3. Reverse voltage applied = VR <400V. 
4. Required gate drive: 
20 volts, 20 ohms, .1 usec risetime for 100 amps/usec 
repetitive rating. 
20 volts, 40 ohms, .5 usec risetime for 30 amps/yusec 
repetitive rating. 
5. RC Snubber ckt. = .25 uf, 52. 


If the circuit di/dt remains below 30 amps/us, and normally 
constructed snubbers using the components specified are em- 
ployed; then the “soft’’ gate drive is sufficient. (20V, 40, 
0.5 usec risetime.) 


If the circuit di/dt exceeds 30 amps/us, then the stiff gate 
source (20V — 209), ty = .1 us, must be used. In addition 
the total device di/dt must be checked to insure that it is 
the long term repetitive limit for stiff gate source. (20V, 
202, 0.1 usec risetime.} 


10 
25304050 80100 200300 500 1000 2000 5000 10000 
PULSE BASE WIDTH- 2S 


2. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. PULSE WIDTH (Tc = 90°C) 


ife} 
25304050 80I00 200 300 500 1000 2000 5000 10000 
PULSE BASE WIDTH-#S 


3. ENERGY PER PULSE FOR SINUSOIDAL 
PULSES (Ty = 125°C) 
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RECTANGULAR WAVE CURRENT RATING DATA 


C49 DUTY CYCLE — 50% 
1590 50 
500 
{000 


“v 
oO 


a 
o 


a 
i?) 


PEAK ON-STATE CURRENT - AMPERES 


PULSES pep SECOND 
40 
30, 5 8 10 20 30 40 50 80 100 
RATE OF RISE OF ON-STATE CURRENT -A/pS 
4. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. di/dt (Tc = 65°C) 
100 


PEAK ON-STATE CURRENT - AMPERES 
of 
oO 


10,000 PULSES PER SECOND 


——L. 


al 


—.__.—. - 
5 8 10 20 30 640 «50 
RATE OF RISE OF ON-STATE CURRENT -A/yS 


80 100 


6. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. di/dt (Te = 90°C) 


20 304050 80100 
PULSE BASE WIDTH-yS 


200300 500 1000 2000 5000 10000 


8. ENERGY PER PULSE VS. PEAK CURRENT 
AND PULSE WIDTH (di/dt = 100A/usec) 
Ty = 125°C 
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DUTY CYCLE — 25% 
300 T ae T 


200 


{50 


100 


PEAK ON-STATE CURRENT - AMPERES 


5 8 10 20 30 40 50 80 100 


RATE OF RISE OF ON-STATE CURRENT -A/pS 


5. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. di/dt (Tc = 65°C) 


PEAK ON-STATE CURRENT - AMPERES 


4 5 8 10 20 30 40 50 
RATE OF RISE OF ON-STATE CURRENT~A/pS 


80 100 


7. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. di/dt (Te = 90°C) 


° 
10 20 304050 80100 200300 500 
PULSE BASE WIDTH-zS 


1000 2000 5000 10000 


9. ENERGY PER PULSE VS. PEAK CURRENT 
AND PULSE WIDTH (di/dt = 25A/ysec) 


Ty = 125°C 


PEAK ON-STATE CURRENT - AMPERE 
Oo 
Oo 


ite} 


V, 
és) 


ite) 


N 
20 304050 80100 200 300 “B00 


1000 2000 


PULSE BASE WIDTH-yS 


10. ENERGY PER PULSE VS. PEAK CURRENT 
AND PULSE WIDTH (di/dt = 5A/ysec) 


Ty = 125°C 


5000 |0000 


: 


RECOVERED CHARGE -Qpip_cy- # COULOMBS 


INSTANTANEOUS GATE VOLTAGE - VOLTS 


30 


20 


11. 


5 


ite) 20 
REVERSE di/dt - A/uS 


50 100 


TYPICAL RECOVERED CHARGE DATA 


(Ty = 125°C) 


20v, 400 
LOADLINE 


INSTANTANEOUS ON-STATE CURRENT - AMPS 
@ 
ie) 


50} 
a 125°C] Jesec 
30 
ee 20Vv, 209 
LOADLINE 
10 \ 
fo) 1.0 2.0 3.0 4.0 5.0 J. 50.2 3 5 7 10 20 30 5.0 70 10 
INSTANTANEOUS ON-STATE VOLTAGE - VOLTS 125 INSTANTANEOUS GATE CURRENT - AMPERES 


13. GATE TRIGGER CHARACTERISTICS AND 
POWER RATINGS 


12. MAXIMUM ON-STATE CHARACTERISTICS 


NOTES: 
1. Locus of possible de trigger points lies outside the 
boundaries shown at the various case temperatures. 


ry 5,000 
2. Rectangular gate pulses. 


4000 3. Tp = gate current pulse width. 


I 
RMS- AMP)?SEC 


INITIAL Ty = -40°C TO +125°C 


-_ 
° 
fe) 
° 


PEAK HALF 
INEWAVE ON-STATE 
CURRENT AMPERES 


$ 
ry 
3 
} 


i 1S 2 3 4 6 8 10 
PULSE BASE WIDTH -mS 


14. SUB-CYCLE SURGE (NON-REPETITIVE) 
ON-STATE CURRENT AND I?t RATING 
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TRANSIENT THERMAL IMPEDANCE - °C/WATT 


cant 


si 
alin 
re 

| 


“001 .O1 | 10 
Files SECONDS 


15. TRANSIENT THERMAL IMPEDANCE — 
JUNCTION-TO-CASE 


OUTLINE DRAWING 


METRIC 
MM | 


INCHES SYM 
MIN. | MAX. 


MIN. | MAX. 


INCHES 
MIN. | MAX. 


| METRIC 
MM 


—_—_—~-o| 


1020) 1.140 


43;Dlo 


R : i 12. 
TF [787 s27| z02e|z101[ | seo] — [esse] — | a 
Kn 


See 


o6o] — fis7] 3 _| 


Pe f2sol 2a] eed 718 


NOTES: 


|. GATE & AUX. CATHODE LEADS SUPPLIED LIGHTLY TWISTED TOGETHER. 
LEAD. 


2.FLEXIBLE COPPER 


3. ONE NUT AND ONE LOCKWASHER SUPPLIED WITH EACH UNIT. MATERIAL OF 


HARDWARE |S STEEL, CAD PLATED. 
4." 


Ex) Pasi) r+ | — | 060] — | 
Fc eal Eases 
Res See 


DIM. |S DIA. OF EFFECTIVE SEATING AREA. 


5."T" DIM. 1S AREA OF UNTHREADED PORTION. COMPLETE THDS. ARE 


WITHIN 2.5 THREADS OF SEATING PLANE. 


6. ANGULAR ORIENTATION OF TERMINALS IS UNDEFINED. 


c49-2 


NOTES: 


penal TERMINAL 
GATE CATHODE | ANODE |I/2-20 UNF-2A 


|. ONE NUT AND ONE LOCKWASHER SUPPLIED WITH EACH UNIT, MATERIAL 


OF HARDWARE IS STEEL, CAD PLATED. 


2. "T" DIM. IS AREA OF UNTHREADED PORTION. COMPLETE THDS. ARE 
WITHIN 2.5 THREADS OF SEATING PLANE. 
3. ANGULAR ORIENTATION OF TERMINALS IS UNDEFINED. 


SEATING PLANE 
E A 
8 
Q 


i 


Tae TENA TERpA WAL) Teratiuat 
MODEL on SIZE 
2S ae 
| e49 | are [oaths [MSE] MPF ve cour 


[& [10201140] te 
8B 


l+— SEATING PLANE 


A —+ 
SEE NIE B -— 


incHes | METRIC 
Ml MIN, MAX.| MIN. | MAX. 


TERMINAL Ss 
@ THREAD SIZE 


9.90] | 2.70 

Heocoe 
Po [isedfisoofaerefesral [| [|| 
re [sie ner [vee ner [> [ a00] so arsa] ea 
LF | ver] sz7jaozaa.ol TT TT 
| 060] 075] 152] 191] @ | a2s| woo|oveliee7 
[aC seeh are [or7frosel | — [oto [obo] — | 152 


Last oot at cat— 


v_|ioszfio63|a6.72]270q | 


45] 485 
k | .198] 212 


High Power 
Silicon a 
Controlled Rectifier [~  c5s2 | 


110ARMS 25to 1200 Volts 


The General Electric C50 and C52 Silicon Controlled Rectifiers are all- 
diffused devices designed for phase control applications. 


FEATURES: 


© High dv/dt With Selection Available 
e Excellent Surge and I*t Ratings Providing Easy Fusing 
e Rugged Hermetic Package 


MAXIMUM ALLOWABLE RATINGS 


REPETITIVE PEAK REPETITIVE PEAK NON-REPETITIVE PEAK 
OFF-STATE VOLTAGE REVERSE VOLTAGE REVERSE VOLTAGE 
Vormu! Vram! rsm! 
T, = -40°C to +125°C Ty = -40°C to +125°C 

(2N1909) 25 Volts 25 Volts 25 Volts 
(2N1910) (2N1792) 50 
(2N1911) (2N1793) 100 
(2N1912) (2N1794) 150 
(2N1913) (2N1795) 200 
(2N1914) (2N1796) 250 
(2N1915) (2N1797) 300 
(2N1916) (2N1798) 400 
500 
600 
700 
800 
900 
1000 
1100 
1200 


1 Half sine wave waveform, 10 msec, maximum pulse width. 


RMS On-State Current, Ip(RMsy- +s ee tte eee 110 Amperes (All Conduction Angles) 
Average On-State Current, It(qv)---- eee ee eee ee Depends on Conduction Angles (See Charts 3 and 4) 
Critical Rate-of-Rise of On-State Current (Non-Repetitive) di/dt:* 

Switching From 1200 Volts .. 2.6... . cee ett eee eee 100 Amperes Per Microsecond 

Switching From 600 Volts 2.0... 0 ce ee ee ents 200 Amperes Per Microsecond 
Peak One-Cycle Surge (Non-Repetitive) On-State Current, Ipgy (60 Hz)... . ee eee ee 1000 Amperes 
Peak One-Cycle Surge (Non-Repetitive) On-State Current, Ipgy (50 Hz) ...-.-- 20 eee eee eee ee eee 910 Amperes 
It (for fusing), for times > 8.3 milliseconds (See Figure 9).....- 6+. 0+ ee eee eters 4150 (RMS Ampere)” Seconds 
I’t (for fusing), for times > 1.5 milliseconds (See Figure 9)... ....-.-..-+200005- 2850 (RMS Ampere)” Seconds 
Peak Gate Power Dissipation, Pay (See Figure 7)... 2.0... ee eee ee eee 100 Watts for 150 Microseconds 
Average Gate Power Dissipation, Pggay)- +--+. ee tte ttt tenes 2 Watts 
Storage Temperature, Tytg 20-0 ee ee ee eee ete eet eens -40°C to +150°C 
Operating Temperature, Ty 2.0... cece ce eect entre entree teen ene e eee -40°C to +125°C 
Stud Torque. ws 5d eee, see ee ee Ca DRE ee Oe ek eek 125 Lbs.-In. (Min.) — 150 Lbs.-In. (Max.) 


14 N-m (Min.) — 17 N-m (Max.) 


*di/dt ratings established in accordance with EIA-NEMA Standard RS-397, Section 5.2.2.6 for conditions of VDRM stated above; 20 volts, 
20 ohms gate trigger source with 0.5 usec short circuit trigger current rise time. 
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CHARACTERISTICS 
Pest sven] win. | max. | units | 


Repetitive Peak Reverse 
and Off-State Current 


TEST CONDITIONS 


Ty = -40°C to +125°C 


VprM = VRRM 


25 Volts Peak 
50 


C50, C52U (2N1909) 
C50, C52A (2N1910) (2N1792) 
C50, C52G (2N1911) (2N1793) 
(2N1912) (2N1794) 


C50, C52C — (2N1913) (2N1795) 
C50,C52D —_ (2N1914) (2N1796) 
C50, C52E — (2N1915) (2N1797) 
C50, C52M 

C50, C528 
C50, C52N 
C50, C52T 


C50, CS2P 
C50, C52PA 
C50, C52PB 


DC Gate Trigger Current 


(2N1916) (2N1798) 


To = +25°C, Vp = 6 Vde, Ry = 3 Ohms 
ty = 20 usec 
0 


Tc = -40°C, Vp = 6 Vde, Ry = 3 Ohms 
tp = 20 usec 


To = +125°C, Vp = 6 Vdc, Ry, = 3 Ohms 
tp 2 20 usec 


-40°C to +125°C, Vp = 6 Vdc, 
50 Ohms, tp # 20 usec 


Tc = +125°C, Vp = Rated, Ry, = 1000 


Te = +25°C, Ipy = 500 Amps. Peak, 
Duty Cycle < 0.01% 


DC Gate Trigger Voltage 


To = +25°C, Anode Supply = 24 Vde. 
Initial Forward Current = 2 Amperes 


Junction-to-Case 


dv/dt | 200 Volts/ | Ty = +125°C, Rated Vprm Using Linear 
Exponential Rising Waveform, Gate Open 
Circuited. Exponential dv/dt = Vprm 

(.632). 


(1) Te = +120°C 

(2) I; = 50 Amps. 

(3) Vp = 50 Volts Min. 

(4) Vprm (Reapplied) = Rated 

(5) Rate-of-Rise of Reapplied Forward 
Blocking Voltage = 20 V/ysec (Linear) 

(6) Gate Bias; 0 Volts, 100 Ohms During 
Tum-Off Interval 

(7) Duty Cycle < .01%. 


Critical Rate-of-Rise of Off-State 
Voltage. (Higher values may cause 
device switching.) 


Circuit Commutated Tum-Off Time 
(Typical) 


10007 


BS 
° 
o 


100 


oe 


4.0 


INSTANTANEOUS ON-STATE CURRENI ~ AMPERES 


{e} 0.5 1.0 1.5 2.0 2.5 3.0 3.5 


INSTANTANEOUS ON VOLTAGE - VOLTS 
1. MAXIMUM ON-STATE CHARACTERISTICS 


INSTANTANEOUS ON-STATE CURRENT 


INSTANTANEOUS ON VOLTAGE ~ VOLTS 
2. MAXIMUM ON-STATE CHARACTERISTICS 
(HIGH CURRENT LEVEL) 


50 TO 400 Hz AC LINE OPERATION 


SQUARE WAVE 


Py Tt td 


a 
ANS ee 


MAXIMUM ALLOWABLE CASE TEMPERATURE - °C 


° 20 40 60 80 100 120 
AVERAGE ON-STATE CURRENT - AMPERES 


3. MAXIMUM ALLOWABLE CASE TEMPERATURE 
FOR RECTANGULAR CURRENT WAVEFORM 


=| 


7 t 
DUTY CYCLE 7 (100) 


AVERAGE ON-STATE POWER DISSIPATION - WATTS 


0 20 40 60 80 tele) 120 
AVERAGE ON~STATE CURRENT - AMPERES 


5. MAXIMUM ON-STATE POWER DISSIPATION 
FOR RECTANGULAR CURRENT WAVEFORM 
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MAXIMUM ALLOWABLE CASE TEMPERATURE - °C 


AVERAGE ON-STATE POWER DISSIPATION - WATTS 


SINUSOIDAL 


os 
(oS) 


CONOUCTION 
90 ANGLE 


% 10 20 30 40 50 60 70 80 90 100 10 120 
AVERAGE ON-STATE CURRENT - AMPERES 


4. MAXIMUM ALLOWABLE CASE TEMPERATURE 
FOR SINUSOIDAL CURRENT WAVEFORM 


mre LA ZI 


f> 


° 10 20 30 40 50 60 70 80 90 
AVERAGE ON-STATE CURRENT - AMPERES 


6. MAXIMUM ON-STATE POWER DISSIPATION 
FOR SINUSOIDAL CURRENT WAVEFORM 


au f& AATDOO 


Nn 


20 v, 20.2 
LOAD LINE 


INSTANTANEOUS GATE VOLTAGE — VOLTS 


| a — 
05 A 2 3 4°5 6 7891 2 
INSTANTANEOUS GATE CURRENT - AMPERES 


7. GATE TRIGGERING CHARACTERISTICS 
AND POWER RATINGS 


Z 


12+ 
(RMS AMPERES) 2 


SECONDS 


ON - STATE 


PEAK MAX SINEWAVE 


alee J 


{ 


oh 
fo) 


3 4 5 6 7 8 


2 
PULSE BASE WIDTH — MILLISECONDS 


9. SUB-CYCLE SURGE (NON-REPETITIVE) 
ON-STATE CURRENT AND I?t RATING 


al 


500 


TD. 
MYL 
S- 


200 


vai 


%DUTY CYCLE = 4-(100) 


AVERAGE ON-STATE POWER DISSIPATION - WATTS 


0 100 


300 
AVERAGE ON-STATE CURRENT - AMPERES 


MAXIMUM ON-STATE POWER DISSIPATION 
FOR RECTANGULAR CURRENT 
WAVEFORM (EXTENDED RANGE) 


400 


11. 
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THERMAL IMPEDANCE - °C/WATT 


TT 


! 4 0 40 100 
\#—_—_-——--—___— MSEC 
TIME 


8. TRANSIENT THERMAL IMPEDANCE — 
JUNCTION-TO-CASE 


1,000 


PEAK MAX SINEWAVE 
ON - STATE CURRENT - AMPERES 


a 
° 
fe) 


400 


( 2 3 4 5 6 7 8 9 10 
NUMBER OF CYCLES (60Hz) 
10. SURGE (NON-REPETITIVE) ON-STATE 


CURRENT 


3° 
° 


800}+—-—— CONDUCTION 
ANGLE = 30° 


AVERAGE ON-STATE POWER DISSIPATION - WATTS 


300 
1g0* 
200 CONDUCTION 
ANGLE 
100 
° 
10) 100 200 300 400 500 


AVERAGE ON-STATE CURRENT - AMPERES 
12. MAXIMUM ON-STATE POWER DISSIPATION 
FOR SINUSOIDAL CURRENT 
WAVEFORM (EXTENDED RANGE) 


OUTLINE DRAWINGS 


: SEATING PLANE METRIC 
E A 
Z| roy MINT T MAX. 
oa 


_) 25.90|28.96 ; 
iF so] sof esha fT TT 
C) | 7.92 REF. | .058] .070 


MODEL oy ot ay eg 
THREAD SIZE 
| ose | GATE cae ia 172-20 UNF-2A 


NOTES: 


1, One nut and one lockwasher supplied with each unit. 
Material of hardware is steel, cad plated. 


2. “T" dimension is area of unthreaded portion, Com- 
plete threads are within 2.5 threads of seating plane. 


3. Angular orientation of terminals is undefined. 


incHes | METRIC inches | METRIC 


SEATING PLANE MIN. | MAX.| MEN. | MAX. MIN.| MAX.| MIN. | MAX. 


1.570] 1.750 | 39.87/4445 
6.000/6.390 152.40 [162.31 


16.850 |7,500 |173.99 190.50 


Fs [seo] 610] 1270]i5.40] v_ 
Pe [esol ser] sedf ria] | 


je 
S D 
THREAD SIZE & 


@ @ 9) 
AUX 


NOTES: 


1. Gate and auxiliary cathode leads supplied lightly 
twisted together. 
2. Flexible copper lead. 


3. One nut and one fockwasher supplied with each unit. NOTES: 
Material of hardware is steel, cad plated. 


WITH HARDWARE WITHOUT HARDWARE 
4. “R’’ dimension is diameter of effective seating area. UNIT OUNCES GRAMS OUNCES GRAMS 
5. “T" dimension is area of unthreaded portion. Com- 
plete threads are within 2.5 threads of seating plane. C50 4,25 120 3.50 99 
6. Angular orientation of terminals is undefined. C52 3.50 99 2.75 78 
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SCR 


500 Volts 110 ARMS 


The General Electric C60 (2N2023-2N2030) and C62 Series Silicon Con- 
trolled Rectifiers are designed for high-current operation at extreme tem- 
peratures. Rated as high as 110 amperes DC—-with a maximum junction 
temperature of 150°C—they are especially suited for applications where 
high ambients or small heat sinks preclude the use of other controlled 
rectifiers at a required current level. 


The C60 (2N2023-2N2030) and C62 Series have guaranteed low tempera- 
ture limits of —65°C. In all other respects they are identical and offer these 
features: 


e Hard soldered joints e Thermal fatigue resistant 
e Silicone-rubber insulated leads 
e Welded seals 


e Guaranteed value of di/dt 


a i PEAK FORWNED SioeeING / ' eeennive sche SeVERSE ay] i TRANSIENT PEAK REVERSE VOLTAGE 1 

VOLTAGE, VprM (1) i VOLTAGE, Vrrm i Vaso (1) i 
Cé60U (2N2023) 25 Volts 25 Volts 35 Volts 
C60F (2N2024) 50 Volts 50 Volts 75 Volts 
Cé60A (2N2025) 100 Volts 100 Volts 150 Volts 


C60G (2N2026) 150 Volts 150 Volts 225 Volts 
C60B (2N2027) 200 Volts 200 Volts 300 Volts 
C60H (2N2028) 250 Volts 250 Volts 350 Volts 
C60C (2N2029) 300 Volts 300 Volts 400 Volts 
C60D (2N2030) 400 Volts 400 Volts 500 Volts 
Cé60E 500 Volts 500 Volts 650 Volts 


(Half sinewave waveform, 1O0ms max duration. 


RMS Forward Current, On-State............... ater Ger ee ee 4 110 amperes 
Average Forward Current, On-State................ _.. .Depends on conduction angle (see Charts 2 and 3) 
Peak One-cycle Surge Forward Current,lygsm i (isti(‘i............ _. .1000 amperes (see Chart 7) 
Maximum Rate of Rise of Anode Current During Turn-On Interval.......................... (see Chart 9) 
Tet) (fOr USING "sav ace 4 gone RPA ob el ead one Me Ry aa bed BO Up to 4000 ampere? seconds (see Chart 8) 
Peak Gate Power Dissipation, Poy 9... ee 5 watts 
Average Gate Power Dissipation, Pgyav) ... 0.5 watts 
Peak Gate Current, Igpy ee 2 amperes 
Peak Forward Gate Voltage, Voty.. 6 ee 20 volts 
Peak Reverse Gate Voltage, Vorm....... pltnts Sistas ods dat, otian A Ae ck poet athe Aaaks pau aeg e e e  es o 5 volts 
Storage Temperature, Tgpg 6 ee —65°C to +150°C 
Stud? VOrque ss cic wyjyca eae Petes te do aed eee ich i Pant & ee tee x A 125 Lbs.-in. (min.), 150 Lbs.-in. (max.) 


150 Kg.-cm. (min.), 175 Kg.-cm. (max.) 


CHARACTERISTICS 


To = + 25°C, Vi. = 6 Vde, Ru = 12 ohms, tp = 20 usec. 
Tc = — 65°C, V., = 6 Vde, Rr = 12 ohms, tp = 20 usec. 
Tc = 4+145°C, V,, = 6 Vde, Ri. = 12 ohms, ty = 20 usec. 


Holding Current 


To = — 65°C to +125°C. V,, = 6 Vde, Ri = 12 ohms, th = 
20 psec. 
Tc = +145°C, V,, = Rated, Rr = 1000 ohms, t, = 20 usec. 


Teo =+ 25°C, 1,,, = 1500A Peak, Duty cycle = .01% 


Te = + 25°C, Anode supply = 24 Vde, Initial forward current 
= 2.5A 


Turn-On Time 
(Delay Time + 
Rise Time) 


To = + 25°C, Ir = 50 Ade, V;, = rated, 
Gate supply: 10 volt open circuit, 25 ohm, 
0.1 usec. max. rise time 


Circuit Commutated 
Turn-Off Time 


Effective Thermal 
Resistance (DC) 


I DRM 
and 
Trew 


Peak Reverse and 
Forward Blocking 


INSTANTANEOUS FORWARD CURRENT -AMPERES 


4 _{— 
INCREASES TO BREAKOVER 
VOLTAGE wire ZERO GATE 


“oO \ 2 #3 4 5 6 7 8 9 
INSTANTANEOUS ON-STATE VOLTAGE - VOLTS 


1. MAXIMUM ON-STATE VOLTAGE 
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Tc = +125°C, In = 50A, iru» = 5A min., 

Ve — 50 volts min., 

Vinw (reapplied) = Rated, 

Rate of rise of reapplied forward 

blocking voltage = 20V/usec linear. 

Gate bias: 0 volts, 100 ohms during turn-off interval, 
Duty cycle = .01% 


Tc = 145°C 


View = Varw = 25 Volts peak 

50 Volts peak 
100 Volts peak 
150 Volts peak 
200 Volts peak 
250 Volts peak 
300 Volts peak 
400 Volts peak 
500 Volts peak 
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AVERAGE FORWARD CURRENT — AMPERES 


2. MAXIMUM ALLOWABLE CASE TEMPERATURE 
FOR SINUSOIDAL CURRENT WAVEFORM 


ihe) 
OUTY CYCLES 


90 


19,39,69 CIRCUITS, 50 TO 400 CPS. 
USE THIS CURVE ONLY FOR INDUCTIVE LOAD 
CIRCUITS WITH LOAD X,/R_ RATIO >10 


MAXIMUM ALLOWABLE STUD TEMPERATURE —°C 


° lo 20 30 40 50 60 70 80 90 
AVERAGE FORWARD CURRENT — AMPERES 


3. MAXIMUM ALLOWABLE CASE TEMPERATURE 
FOR RECTANGULAR CURRENT WAVEFORM 
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eg 
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JUNCTION TEMPERATURE = 150°C 
USE THIS CURVE ONLY FOR INDUCTIVE 


AVERAGE FORWARD POWER DISSIPATION-WATTS 


>10. FOR OTHER LOAD CONDITIONS SEE 
CURVE 4 


Ctr 


LOAD CIRCUITS WITH LOAD XL/R RATIO 


° to 20 30 40 50 60 70 
AVERAGE FORWARD CURRENT, AMPERES 


5. FORWARD POWER DISSIPATION FOR 
RECTANGULAR CURRENT WAVEFORM 


PEAK HALF SINE WAVE FORWARD CURRENT -AMPERES 


NOTE: (1) FOR SUB-CYCLE SURGE DURATION (LESS YHAN | CYCLE ) USE CURVE 8 


1. A n di __4 i) i 4 


80 


130 Arne l 
oH, | [ 
. 4180" 


90 CONDUCTION ANGLE 
80 aa a: 


oS 
6. 3 
On 


BUCTION ANGLE= 30 


AVERAGE FORWARD POWER DISSIPATION-WATTS 


JUNCTION TEMPERATURE =150° C 


| 


° lo 20° 30 40 50 60 70 80 
AVERAGE FORWARD CURRENT- AMPERES 


4, FORWARD POWER DISSIPATION FOR 
SINUSOIDAL CURRENT WAVEFORM 


TT ] 


Pt _ To * 40°C TO wie ae 
T | MINIMUM GATE CURRENT. [lt 


TO TRIG. ALL UNITS AT 
fp 20pSEC + 180°C 40°C 


Vex * 6 Vde 


RL=|2 OHMS 3 MINIMUM VOLTAGE 
. wo NN REQD TO TRIGGER ALL 

$F NN UNITS =3.0¥ 

r | gs 2 NS N 
A NN 

MAX. ALLOWABLE PEAK | a 2 NN 

GATE VOLTAGE=100 voLTS 3 FF Sh = 
rs MAX.GATE VOLTAGE THAT WILL 
2 NOT TRIG. ANY UNITS AT 


+150°C 0.25 VOLTS 


2 

3 

1 8 

Z 

ge 

w SHADED AREAS REPRESENT LOCUS 
OF POSSIBLE TRIG. POINTS FROM 

3 4 =40°C TO +50°C 

g MAX. ALLOWABLE PEAK 

3 GATE CURRENT = 2.08 

Ee 

Fe 

& 

z 


co] a4 a8 12 eé 20 
INSTANTANEOUS GATE CURRENT -AMPERES 


6. GATE TRIGGERING CHARACTERISTICS 


'O +150°C 
(JUNCTION TEMPERATURE) 


-40°C TO - 20°C 
{JUNCTION TEMPERATURE) 


MAXIMUM ALLOWABLE SURGE 

CURRENT FOR SUB - CYCLE PULSE 

WIDTHS FOR CALCULATING I* t RATINGS 
WOTE: SEE CHART 7 FOR PEAK CURRENT 
LIMITATION DURING TURN -ON INTERVAL 


FORWARD SURGE CURRENT - AMPERES RMS 


i 2 3 4 5 6 7 86910 20 
CYCLES AT 60 CPS 


7. MAXIMUM ALLOWABLE SURGE CURRENT 
FOLLOWING RATED LOAD CONDITIONS 


40 «650 


714 


Lo ry 2 3 4 6 as 
PULSE TIME - MILLISECONDS 


8. SUB-CYCLE SURGE RATING FOLLOWING 
RATED LOAD CONDITIONS 


MAXIMUM ALLOWABLE CURRENT - AMPERES 


2,000 


T a7 
TT TH 
= [| mM [|[[||_ C60, ce2 
im 06 4 mn 4 
400 
= tt tt dt JUNCTION TO 
F HEAT SINK 
¢ 05 H angen + +t +4 
Ke (WITH UNIT ON 1/8" COPPER FIN, ll 
06 yw [—1— MEASURED TO POINT ON FIN forces ee Oe 
Q 04 174° FROM CELL HEX.) rae 
46 Surely 3 f Cl “JUNCTION TO CASE - ++] 
£ 03 HH 1 Hil Hoty 
6 44 | at 
(0 c il 
2 0.2 t+ Il + 
A a 
40 bere TURN; Of CURRENT LIMIT. CURVES wi | 
: r HE MAXIMUM ALLOWABLE RAT! 
Koo) OF CURRENT BUILO-UP THOUGH THE SCR, - Ol T tT 
800 /| FOR VARIOUS SUPPLY VOLTAGES. I 
FOR FURTHER INFORMATION CONCERNING 71] TI TTT r nt 
di/dt, SEE APPLICATION NOTE # 200.28 TITLED 
i’ E RATING OF SCR'S, WHEN, SWITCHING INTO HIGH CURRENT] fe) 44 a 
0.1 04 10 40 «0 40100 00! 0.01 o1 u 0 100 
TIME FROM START OF CURRENT FLOW-ysec TIME IN SECONDS 


10. TRANSIENT THERMAL IMPEDANCE (JUNCTION TO CASE) 
. CURRENT LIMIT FOR STEEP WAVEFORM OPERATION 


OUTLINE DRAWINGS 


C60 OUTLINE (Conforms to JEDEC TO-94 Outline) 


FLEXIBLE TABLE OF DIMENSIONS 
COPPER LEAD 


Conversion Table 


INCHES MILLIMETERS 
DIM 
Zz 
B 
Cc 
D 
| E 
LEADS F 
LIGHTLY | SG 157.619 
TWISTED 2ND P GQ — | 1.750 - 44,450 
TOGETHER . Q - DIA. S$ H 1.484 {1.640 | 37.653 | 41.656 
3 4.437 {5.623 | 112.698 | 142.824 
»—&) K 275 | .325 6.985 8.255 
K 445_| 485 | 11.302 | 12.319] 
L 251 | .281 6.375 7.137 
Ly 198 | .212 5.029 5.385 
M 500 | .600 | 12.700 | 15.240 
M, 385 | .415 9.778 | 10.541 
N 632 | .725 | 16.052 | 18.390 
Ni 590 | 640 | 14.985 | 16.256 
° | 7.000 | 7.342 | 177.799 | 186.487 
CATHODE CH 312 Ref. 7.925 Ref. 
P .140 .150 3.555 3.811 
P, 060 | .075 1.524 1.905 
DIA. >| o * GATE GATE Q .250 Nom. 6.350 Nom. 
R -290 Nom. 7.366 Nom. 
TT s | 065 | .095 1.651 2.413 
Si oss | .070 1.473 1.778 
[tT | 463 | 498 | 11.760 | 12.649 
C62 OUTLINE NOTES 
1. Complete stud threads (12-20 UNF 2A) to within 2'2 threads of head. 
2. Flexible lead covered with silicon rubber insulation (Class H), 600 volt ASTM standard wall. 
3. Orientation of cathode and gate terminals not defined. 
4. One, 12-20 steel, cadmium plated nut and one cadmium plated spring washer supplied with each unit. 
5. Approximate weights: 
Unit With Hardware Without Hardware 
Ounces Grams Ounces Grams 
C60 4.25 120 3.50 99 
C62 3.50 99 2.75 78 
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TYPICAL APPLICATIONS: OS 
aN 
SENSORS — CONTROLS — 
Temperature Small motors & 
Pressure Small lamps po 
Dryness Remote 
Proximity 
Voltage SWITCHING — 


Current Solid-state relay 
Relay driver 
Counter 
AMPLIFIERS — (gate) Low power inverter aio : 
NOTE: 
LEAD DIAMETER (5 CONTROL~ 
TIMERS LOGIC CIRCUITS LE, ZONE ETUEEN 


050 AND 280 FR 
SEATING PLANE BETWEEN 210 
.250 4NO END OF LEAD A Sa 
MAX, OF O21 IS HELD. 

ALL OIMENSIONS ARE IN 

INCHES AND ARE REFERENCE 

UNLESS TOLERANCED. 

120V AC LINE OPERATION searing 


TO-18 LEAD SPACING 500 MIN, 
|-—— 3 LEADS 


Ou 
Sie OA 
(MOTE tT) 


FEATURES: 


@ 200 pA Gate sensitivity 
® 8-amp surge 
® 30-thru 200-volt selection 


® Plastic TO-18 package 1 he 
® Low Vy Pema 
e High dv/dt iypet 


MAXIMUM ALLOWABLE RATINGS 


C103Y 30 Volts 30 Volts 


C103 YY 60 Volts 60 Volts 
C108A 100 Volts 100 Volts Type 2 (with P-Strap) 
C103B 200 Volts 200 Volts 


1RaK = 1000 ohms maximum. 
*Values apply for zero or negative gate voltage only. 


RMS On-State Current, Incas (all Conduction Angles) .........00000 000 ccc ccc cent eee n erent n nt eens 0.8 Amperes 
Peak One Cycle Surge (non-rep) On-State Current, Insm . 00.00 o tbe tent e tenet ens 8.0 Amperes 
Peak Gate Power Dissipation, Pax... 20.0.0. cee ener bbe n betes 1.0 Watts for 8.3 msec. 
Average Gate Power Dissipation, Pocy) ....0.0000 006 ee eee nen bn e Dede r eee e tenn eet ee 0.01 Watts 
Peak Positive:Gate Current. Taig: i026 ics 2 ses de Sith ce eM Boe HE Ae a eae nde AEA DA DW eEA Go Paes ne ete ee eed 0.5 Amperes 
Peak: Negative Gate: Voltage). “Vie. icesiseiiog fo han co Se eja b Ek hy Wleea baci Lou Mica epoca GS Ce td lala; ee deed dn glaciers ge cose afd 8 Volts 
Storage Temperature, Tste ©2200... nee eee ede ceed ccc b ete ees —65°C to +150°C 
Operating Junction Temperature, Ty 2.0 0...0 00. center t nee e bbe t eee —65°C to +125°C 
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CHARACTERISTICS 


“10 | wA | To=-+25°C, Rox = 1000 ohms 
Var = Voru = Rated Value. 
Tc = +125°C, Rex = 1000 ohms 
Varu = Vorm = Rated Value. 
pAde Tc = +25°C, Vv = 6Vde, 

Ri = 100 ohms. 

Tc = —65°C, Vv = 6Vde, 

Ri = 100 ohms. 


Peak Reverse and 
Off-State Current 
(All types) 


DC Gate Trigger 
Current 


Vde To = +25°C, Vo = 6Vdce, 
Ri = 100 ohms. 


1.0 Tc= —65°C, Vo = 6Vde, 
Rx. = 100 ohms. 


Tc = +125°C, Rated Vorm, 
Ri = 1000 ohms. 


1.5 Vv Tc = +25°C, Irv = 1.0A peak, 
1 msec. wide pulse, 
Duty Cycle = 2% 
mAdc Anode source voltage = 12Vdc, 
Rex = 1000 ohms. 
Te = +25°C 
10.0 Tc = —65C 
V/psec Tc = 4125°C, Rated Vorx, 
Rex = 1000 ohms. 


Tc = +125° C, rectangular current 
waveform. Rate of rise of current 
<10A/ysec. Rate reversal of cur- 
rent <5A/psec. Iru = 1A (50 usec. 
pulse). Rep. Rate = 60 pps. Vrrmu 
= Rated, Vax = 15V Min., Voru = 
Rated. Rate of Rise of reapplied 
off-state voltage = 20V/ usec.; Gate 
Bias = 0 Volts, 100 Ohms (during 
turn-off time interval). 


Junction-to-case (flat side of case is 
temp. ref. point). 
Junction-to-ambient (free convec- 
tion). 


Junction to P-strap dissipator 
(rounded surface is temp. ref. 
point). 


Junction-to-ambient, with P-strap 
dissipator (free convection). 


T TI LT] 
NOTES: |. JUNCTION TEMPERATURE = +125°C 
2. FREQUENCY =50 TO 400 Hz. 


DC Gate Trigger Ver 


Voltage 


Peak On-State Vom 
Voltage 


Holding Current 


Critical Rate of dv/dt 


Rise of Off- 


S 
in 


State Voltage 


Circuit Commutated 
Turn-Off Time 


Steady-State 
Thermal Resistance 


Ke) 
= 
3 


INSTANTANEOUS ON- STATE CURRENT -AMPERES 


MAXIMUM AVERAGE ON- STATE POWER DISSIPATION -WATTS 


(go° 
mae 
ONOUCTION 


| ANGLE 
paed 

i 
6 o7 Cy 


° oO. 0.2 O3 04 0.5 0. 8 
4 AVERAGE ON-STATE CURRENT AMPERES 
De ee rege he oer 2. MAXIMUM ON-STATE POWER DISSIPATION 
1. MAXIMUM ON-STATE CHARACTERISTICS FOR SINUSOIDAL CURRENT WAVEFORM 
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| NOTES: I.RESISTIVE OR INDUCTIVE LOAD,50 TO 400 Hz. 

2.RATINGS DERIVED FOR 0.01 WATT AVERAGE 
= GATE POWER DISSIPATION. 
3.CASE TEMPERATURE arose AT CENTER OF 
FLAT SIDE OF DEVICE 


CONDUCTION 
50;——+ ANGLE = 30° 


40}—_+— | 
30 ey 


1go° 


Lease 1ON 
ANGLE 


MAXIMUM ALLOWABLE CASE TEMPERATURE -°C 


20 — 
10 —- 
fe) tt 
ie) OF 0.2 03 04 o5 0.6 0.7 08 


AVERAGE ON-STATE CURRENT -AMPERES 
3. MAXIMUM ALLOWABLE CASE TEMPERATURE 
FOR SINUSOIDAL CURRENT WAVEFORM— 
WITHOUT P-STRAP DISSIPATOR 


Feo lesa Ue tach oil 
120 IS NOTES | |. RESISTIVE OR INDUCTIVE LOAD, 50 TO 400Hz 
2. RATINGS DERIVED FOR 0.01 WATT AVERAGE 
GATE POWER DISSIPATION . 
7 3. UNIT WITH P-STRAP DISSIPATOR IN FREE : 


CONVECTION. AMIENT, IN ANY ORIENTATION. 
TEMPERATURE MEASURED ON ROUNDED 
SURFACE OF P-STRAP DISSIPATOR. 


NN 


CONNECTION. 
ANGLE #3 


MAXIMUM ALLOWABLE P-STRAP TEMPERATURE -°C 


t) 1 0.2 03 04 Os 0.6 07 08 
AVERAGE ON-STATE CURRENT - AMPERES 
5. MAXIMUM ALLOWABLE P-STRAP TEMPERATURE 
FOR SINUSOIDAL CURRENT WAVEFORM— 
NO EXTERNAL HEATSINK 


NOTES: |. RESISTIVE OR INDUCTIVE LOAD ,50 TO 400 Hz. 

2. RATINGS DERIVED FOR 0.01 WATT AVERAGE 
GATE POWER DISSIPATION. 

3. UNIT WITH P-STRAP DISSIPATOR BOLTED TO 

EXTERNAL HEATSINK USING MOUNTING HOLE IN 

P-STRAP. TEMPERATURE MEASURED ON ROUNDED 

SURFACE OF P-STRAP DISSIPATOR. 


100 


CONDUCTION 
60}——_ ANGLE = 30° 


L 


MAXIMUM ALLOWABLE P-STRAP TEMPERATURE -°C 
a 
° 


Lo) 0.1 0.2 0.3 0.4 05 06 O7 08 
AVERAGE ON-STATE CURRENT -AMPERES 


7. MAXIMUM ALLOWABLE P-STRAP TEMPERATURE 
FOR SINUSOIDAL CURRENT WAVEFORM— 
MOUNTED TO EXTERNAL HEATSINK 


130 
71 
| | | T 
120F NOTES: |. RESISTIVE OR INDUCTIVE LOAD,S0 To 400 Hz._| | 
2.RATINGS DERIVED FOR 0.01 WATT AVERAGE 
Beil GATE POWER DISSIPATION. 
by 3. UNIT MOUNTED WITH LEADS VERTICAL IN 
t FREE CONVECTION AMBIENT AIR. 
w 100 
s ] | | 
= 
& 8 
a 
Fe 
“Bo + 
z 70}— = 
g 
= 60 ee a 
= 
g ng iso i | = 1. | 4 
g 
aa T | 
CONDUCTION 
Z 30 ANGLE -——1 
2 
% 20k J 
= 
3 CONDUCTIO 
ANGLE = 30° i 
oO — M +. 
) oO. 02 03 04 05 


AVERAGE ON-STATE CURRENT - AMPERES 


4. MAXIMUM ALLOWABLE AMBIENT TEMPERATURE 
FOR SINUSOIDAL CURRENT WAVEFORM— 
WITHOUT P-STRAP DISSIPATOR 


130 

“. lal ir Bar ars 
(20 : t+—— NOTES : |. RESISTIVE OR INDUCTIVE LOAD, 50 TO 400Hz. 
2. RATINGS DERIVED FOR 0.01 WATT AVERAGE 
| | GATE POWER DISSIPATION. 
3. UNIT WITH P-STRAP DISSIPATOR IN FREE 
CONVECTION AMBIENT, MOUNTED IN 
ANY ORIENTATION. 


100} 


+ 


MAXIMUM ALLOWABLE AMBIENT TEMPERATURE -°C 


30 CONDUCTION 
ANGLE « 
CONDUCTION 
20 ANGLE 
10 | | | | 
: ache 
° om 02 03 04 0.5 os o7 0.8 


AVERAGE ON-STATE CURRENT -AMPERES 
6. MAXIMUM ALLOWABLE AMBIENT TEMPERATURE 
FOR SINUSOIDAL CURRENT WAVEFORM— 
WITH P-STRAP DISSIPATOR 


NOTES: 1. RESISTIVE OR INDUCTIVE LOAD, 50 TO 400 Hz. 
2.RATINGS DERIVED FOR 0.01 WATT AVERAGE 


GATE POWER DISSIPATION. 

3. UNIT MOUNTED IN CENTER OF SQUARE OF 
HEATSINK USING WAKEFIELD DELTA BOND 152 
ayo ADHESIVE. FLAT SIDE OF UNIT AGAINST 

IEATSINK 


4 Eo TEMPERATURE IS MEASURED 1/6" 


BVA 


Smee AeHe 
Pee [ey a] 


HEAT SINK TEMPERATURE “C 


Ko] 


° ol 02 03 04 [oy 06 Or 0.8 
AVERAGE ON-STATE CURRENT- AMPERES 


*8. TYPICAL CURRENT CARRYING CAPABILITY 
FOR DEVICE MOUNTED ON 1” x1” x %" 
ALUMINUM HEATSINK 


*Chart 8. For Reference only, units are not available in this configuration. 


PEAK HALF SINE-WAVE ON-STATE CURRENT-AMPERES 


NOTE 


CYCLES AT 60 Hz 


9. MAXIMUM ALLOWABLE SURGE 
(NON-REPETITIVE) ON-STATE CURRENT IMPEDANCE 


TIME IN SECONDS 


100 oo re 
eo (re 
NOTES : |. TEMPERATURES INDICATED ON CURVES 
ARE JUNCTION TEMPERATURES. 
2. ANODE SUPPLY VOLTAGE =!2 VOLTS DC. 
3. CAUTION : OFF-STATE VOLTAGE RATING 
(orm) NOT APPLY FOR GATE TO 
CATHODE RESISTANCE GREATER THAN 


60 


40 


20 


HOLOING CURRENT — MILLIAMPERES 


wo 200 400 600 800 IK 2K a 6K 8K IOK 
GATE TO CATHODE RESISTANCE — OHMS 


11. MAXIMUM AND MINIMUM HOLDING CURRENT 
VARIATION WITH GATE TO CATHODE RESISTANCE 
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T mm - 400 
: JUNCTION TEMPERATURE IMMEDIATELY = 200 
PRIOR TO SURGE = -65°C TO +125°C « 
a 
t © 100 
af 
3 
if {ih = 40 
a 1. JUNCTION TO AMBIENT, (FREE AIR ,LEADS VERTICAL). 
= 20 2.JUNCTION TO AMBIENT, WITH P-STRAP HEAT DISSIPATOR. 
3 3.JUNCTION TO CASE,MEASURED AT CENTER OF FLAT SIDE. 
= 10 4.JUNCTION TO P-STRAP,WITH P-STRAP DISSIPATOR IN 
= af FREE AIR (ANY ORIENTATION ) 
“ 5. JUNCTION TO P-STRAP,WITH P-STRAP DISSIPATOR 
+—t - MOUNTED TO EXTERNAL HEATSINK (TEMPERATURE IS 
b& 4 MEASURED ON ROUNDED SURFACE OF P-STRAP 
é DISS!PATOR ). 
B 2 6. JUNCTION TO HEATSINK (MOUNTED TO ALUMINUM PLATE 
z AS DESCRIBED ON CHART 5 ). 
ied FREE AIR REFERS TO FREE CONVECTION AMBIENT. 
' 
0.001 0.002 0.004 001 002 004 Of 02 04 I 2 4 10 20 40 100 
4 6 10 20 40 60 100 


10. MAXIMUM TRANSIENT THERMAL 


Silicon Controlled Rectifier 
Flat Pack Design 


Up to 600 Volts 4 Amperes (RMS) 


Model C106 


PRODUCT FEATURES 


The Type C106 Silicon Controlled Rectifier (SCR) 


has the following outstanding features: 


LOW COST 
SENSITIVE 


Operates directly from low signal 


sensors such as thermistors, photo-conductive cells, etc. 


VERSATILE 


Designed for a variety of mount-down 


methods—printed circuit, plug-in socket, screws, 
or point-to-point soldering 


RUGGED, COMPACT Uses a solid plastic encapsulant 
in rectangular shape for high density packaging 


TYPICAL APPLICATIONS 


MOTOR CONTROL 


LIGHT 


TEMPERATURE 


PRESSURE 


TIME 


| LIQUID LEVEL 


Electric Model Trains 
Sewing Machines 
Movie Projectors 
Food Mixers 

Electric Fans 

Slot Racing Cars 


Flame Detectors 

Moving-Light Signs (Chasers) 

Driver for Computer Readout 
Lights 

Harbor Buoy Flashers 

Automotive Warning Systems 

Nixie & Neon Drivers 


Range Surface Unit (Hybrid) 

Chemical Processing 
(Photographic, etc.) 

Food Warmer Tray 

Bearing Temperature Sensor 

Electric Blanket Contro! 


Auto Oil Pressure Gage 
Hot Water Boiler Safety Monitor 


Photo Darkroom Exposure 
Oven Timer 
Vending Machine Logic 
Industrial Process Control 
Basement Sump Pump 
Automatic Coffee Maker 
Automatic Shutoff for Vending 
Machines 
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REMOTE CONTROL 


DRYNESS 


PROXIMITY 


COUNTING 


SWITCHING 


AMPLIFIERS 


IGNITION 


DETECTION 


C106 
rl F 
C106 = 
TYPE 2 
C106 
TYPE 3 
(FULL SIZE) 
Armchair TV Control 


Master Switching Stations for 
Home 

Garage Door Openers 

Power Switch 


Clothes Dryness Sensor 


Burglar Alarm 
Touch Switch 
Electric Door Openers 


Low Speed Ring Counters 
Shift Registers 


Relay Replacement 

Solenoid Drivers 

Latching Relay Replacement 
Power Flip Flops 

Low Power Inverters 
Thyratron Tube Replacement 


Gate Amplifier for Larger SCR’s, 
Triacs 
—Blenders 
—Hand Tools 


Small Gas Engines 
Gas Appliances 


Voltage (Battery Charger) 
Current (Crowbar) 


Working and Repetitive 
Peak Reverse Voltagé, 


MAXIMUM ALLOWABLE RATINGS C106 
Rok = 1000 Ohms Vromlwkg) and VRomlrep) 


Type 
Ty = -40°C to +110°C Ty = -40°C to +110°C 


C106Q1, C106Q2, C106Q3, C106Q4 15 Volts 15 Volts 
C106Y1, C106Y2, C106Y3, C1064 30 Volts 30 Volts 
C106F1, C106F2, C106F3, CLO6F4 50 Volts 50 Volts 


C106E1, C106E2, C106E3, C106E4 500 Volts 500 Volts 
C106M1, C106M2, C106M3, C106M4 600 Volts 600 Volts 


Repetitive Peak Forward Blocking 
Voltage, VEXM 


RMS Forward Current, On-State 4 Amperes 
Rate of Rise of Forward Current (non-repetitive), di/dt (See Chart 9) 50 Amperes/Microsecond 
Peak Forward Current, On-State (repetitive) 75 Amperes* 
Peak One Cycle Surge Forward Current, Non-Repetitive, Irm (surge) 20 Amperes 
T*t (for fusing) 0.5 Ampere? seconds (for times > 1.5 Milliseconds 
Peak Gate Power, Pam 0.5 Watt 
Average Gate Power, Pacav) 0.1 Watt 
Peak Gate Current, Icrm 0.2 Amperes 
Peak Reverse Gate Voltage, Vcrm 6 Volts 
Storage Temperature, Tstg —40°C to +150°C 
Operating Temperature —40°C to +110°C 


*This rating. applies for operation at 60 Hz, 75°C maximum tab (or anode) lead temperature, switching from 80 volts peak, sinusoidal] current pulse width 
10 gwsec, minimum, 15 ysec. maximum. 
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ian 
tO 0 sl 
CTT pexcton rewecarune ase] | 


PT] LL JUNCTION TEMPERATURE «110°C ge 


INSTANTANEOUS FORWARD CURRENT-AMPERES 


INCREASES TO FORWARD 
BREAKOVER VOLTAGE 


i°) 1.0 2.0 3.0 4.0 
INSTANTANEOUS ON-VOLTAGE-VOLTS 


1. Maximum Forward Characteristics, On State 
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of a a 0 


NOTES: (1) JUNCTION TEMPERATURE = 130 °C 
8 (2) RESISTIVE OR INDUCTIVE LOA’ 
OC ON-STATE 


srafiavitier 


om v ———+ +~ 
HALF SINE WAVE I 
ON-STATE CURRENT T T 
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- 2nd 
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GATE TRIGGER CURRENT-MILLIAMPERES 


MAXIMUM GATE TRIGGER 
CURRENT AT-40°C 


cy 
oat 
+. 


~ 


~ 


od 
oe 


TE TRIGGER, 
+25°C —+ 


4+ 
MAXIMUM GA 
CURRENT aT 
a 


nn 


AVERAGE ON-STATE POWER DISSIPATION - WATTS 
- eo 


° 
a 


T 


€ TRIGGER VOLTAGE 
c 


O14, 
MAXIMUM GAT! 
eae are 


GATE TRIGGER VOLTAGE - VOLTS 
$8. 


aT +28° 
Ele a | i 
NOTE: APPLIES FOR RECTANGULAR TRIGGER PULSES || 
o2f +- t + + + | | 
_ [ O.1be —_ a Lit 
~—. +— On o2 04 0s, 2 4 6 610 20 «40 60100 200 400 609 1900 
2 4 im GATE PULSE WIDTH -— MICROSECONDS 
3. Maximum Gate Trigger Current 
\ ii iE and Voltage Variation with 
| | Trigger Pulse Width 
ob L 
C) 04 = 08 12 16 20 24 28 32 36 40 
AVERAGE OR DC ON-STATE CURRENT - AMPERES 
2. Maximum On-State Power Dissipation 
CHARACTERISTICS 
Test Symbol! Min. Typ. Max. Units Test Conditions 
Reverse or Forward IRRM - 0.1 10 MA Varro = Yorn = Rated Value, 
Blocking Current or Ty = 25°C, Rex = 1000 Ohms 
(All Types) Ipam 
= 10 100 HA Vrarm = Yorn = Rated Value. 
Ty = 110°C, Rew = 1000 Ohms. 
DC Gate Trigger Igt - 30 200 MAdc Ty = 25°C, Vp = 6 Vde, Ry, = 100 Ohms 
Current Rex = 1000 Ohms 
= 75 500 [Adc T_ =-40°C, Vp = 6 Vdc, Ry = 100 Ohms 


Rex = 1000 Ohms 


DC Gate Trigger Vet 0.4 0.5 0.8 Volts TL = 25°C, Vo = 6 Vdc, Ry = 100 Ohms 
Voltage DC Rex = 1000 Ohms 
0.5 0.7 1.0 Volts TL =-40°C, Vp = 6 Vdc, Ry = 100 Ohms 
DC Rex = 1000 Ohms 
0.2 = ae Volts TL = 110°C, Vp = Rated Vornm Value 
DC R, = 3000 Ohms, Rex = 1000 Ohms 
Peak On-Voltage Vom - 1.8 2.2 Volts TL = 25°C, Inq = 4 Amperes Peak, 


Single Half Sine Wave Pulse, 
2 Millisec. Wide 


Holding Current Ty 0.3 1.0 3.0 mAdc TL = 25°C, Vg = 12 Vdc, Rex = 1000 Ohms 
0.4 2.0 6.0 mAdc TL =-40°C, Vp = 12 Vdc, Rex = 1000 Ohms 
0.14 0.6 2.0 mAdc TL = 110°C, Vp = 12 Vdc, Rex = 1000 Ohms 

Latching Current IL 0.3 1.5 4.0 mAdc TL = 25°C, Vp = 12 Vdc, Rex = 1000 Ohms 
0.4 3.0 8.0 mAdc Ty =-40°C, Vg = 12 Vde, Rex = 1000 Ohms 

Critical Rate of dv/dt - 8 - Volts/ TL = 110°C, Vp = Rated VprMo Value 

Rise of Forward Micro- Re = 1000 Ohms 

Blocking Voltage second 

Turn On Time tytt, - 1.2 - Micro- Ty = 25°C, Rated Vornm Value 


seconds I+ = 1 Ampere, Gate Pulse = 4 Volts, 
300 Ohms, 5 Microseconds Wide. 


Circuit Commutated tg _- 40 100 Micro- Ti =110°C, rectangular current waveform. 
Turn-Off Time seconds Rate of rise of current < 10 amps/psec. 
Rate of reversal of current <5 amps/psec. 
Ty =1 Amp (50 usec pulse). Repetition 
Rate = 60 pps. Vp pm = Rated. 
Va = 15 Volts Minimum. Vp = Rated. 
Rate of Rise Reapplied Forward 
Blocking Voltage = 5 Volts/sec. 
Gate Bias = 0 Volts, 100 Ohms 
(during turn-off time interval). 


The lead temperature (T 1) is measured in the center of the tab, 1/16 inch from the body on Type land Type 3 devices, and i 


the center of the anode lead, 1/16anch from the body on Type 2 and Type 4 devices, 
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NOTES: (1) RESISTIVE OR INDUCTIVE LOAD, 50 TO 400 Hz! 
{2) RATINGS DERIVED FOR 0.01 WATT AVERAGE 
GATE POWER DISSIPATION. 
(3) TEMPERATURES ARE MEASURED 1/16” FROM 


#20) | 
110 


t 


100) BODY ON EITHER TAB OR ANODE LEAD 
AS INDICATED. 

90 14) TAB VERTICAL IN FREE AIR. 

é | | desl 

70 t + th i 


TYPES 2 
60 AND 4 
AMBIENT TEMP} 
50 


MAXIMUM ALLOWABLE TEMPERATURE -°C 


scr. 18°” cr 380° 
40 ae ee +—} CONDUCTING ++ BLOCKING + 
TYPES | ANO 3 
on AMBIENT TEMA vi ONE SUPPLY cYcLe —+ 
(SEE NOTE 4) 
zob il TYPES | AND 3 
+4+4~-7 TAB TEMP. 
TYPES 2 AND 4 AK (see NOTE 3) 
Pe | __|aNooE Lead TEMP 
(SEE NOTE 3) | 
7 | 


Oo or 0.8 12 16 20 24 28 32 36 40 
AVERAGE ON-STATE CURRENT-AMPERES (HALF SINE WAVE) 


4. Maximum Allowable Temperatures 
for Half Sine Wave On-State Current 


100. ——T 
80 


60 


| 
i | 
von fa tl 


$9 NOTES CURVES SHOWN ARE FOR VARIOUS 


| JUNCTION TEMPERATURES. 
(2) ANODE SUPPLY VOLTAGE » 12 VOLTS. 


{3} CAUTION: STANDARD FORWARD BLOCKING |__| 


20 
VOLTAGE RATING DOES NOT APPLY FOR 


i GATE TO CATHODE RESISTANCES GREATER 


‘THAN 1000 OHMS. t 

10 MAXIMUM AT -40°C ee 

8 af i 
@ 6 MAXIMUM AT 25°C —+—4 
Fy \ 
z 4 
a 
4 
{ 
& 
g 2-———_-~—_- 
3 MAXIMUM AT 110%: 
2 
tat ’ 
3 
2 00 

06 MINIMUM A: 

O4 a 

MINIMUM AT 25°C 
02 ae 
MINIMUM AT I10*C 
oO. k 


100 200 400 600 8001000 2000 4000 €000 / 10000 
8000 


GATE TO CATHODE RESISTANCE-OHMS 


6. Maximum and Minimum Holding 
Current Variation with External 
Gate-to-Cathode Resistance 


ty 7-7 


PEAK HALF SINE WAVE FORWARD CURRENT-AMPERES 


Yu___1 
ot 2 4 6810 20 
CYCLES AT 60 G.RS. 


40 60 


8. Maximum Allowable Non-Repetitive 
Peak Surge Forward Current 


(MPEDANCE —°C PER WATT 


TRANSIENT THERMAL 


120, r “3 
NOTES: (i} RESISTIVE OR INDUCTIVE LOAD. 
{to tT H (2) RATINGS DERIVED FOR 0.0! WATT 
2 | AVERAGE GATE POWER DISSIPATION 
oy TORENT T (3) TEMPERATURES ARE MEASURED 1/16” 
ie FROM BODY ON EITHER TAB OR 
b= ag H ; | ANODE LEAD AS INDICATED. 
= ie Nel i (4) TAB VERTICAL IN FREE AIR, 
@ 80 T 
# + 
= 70} + t 1 T 
a i 
gz 60 + ; 
5 i 
1; 
oe TYPES | AND 3 
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= 40 TYPES 2 ANO 4 _. TA ees oe 
z AMBIENT TEMP. ae 
5 EB { { 
2 30) | 
Fi was 
= 20 
TYPES + AND 3 | TYPES 2 AND 4 
AMBIENT TEMP. ANODE LEAD TEMP. 
10 {SEE NOTE 4) i | (SEE NOTE 3) 
S | ; i 4 | al? 
° 04 os 12 16 20 2.4 28 32 36 40 


DC ON-STATE CURRENT -AMPERES 


5. Maximum Allowable Temperatures 
for DC On-State Current 


T = 7 T 

= = a { a ilies ; [ = i aaa 4 + 

+}—— —~ - maa aera | + ++ + T 4 
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lr + | | | JUNCTION TO AMBIENT — 

i TYPES 284 

(i) TAB AND ANODE LEAD REFERENCE | : 

POINTS ARE I/I6 INCH FROM DEVICE 80oy. —f WUNCTION TO AMBIENT — =] 
(2) THERMAL IMPEDANCE FROM JUNCTION TO TYPES: 8 5 
AMBIENT FOR TYPES | AND 3 APPLY FOR T C i 
MOUNTING WITH THE TAB VERTICAL IN 


FREE AIR: FOR TYPE 2 AND 4 IN ANY 
POSITION IN FREE AIR. 


+~. 


1 
0001 0.002 0004 001 002 004 0) o2 04 ' 2 4 10 20 40 100 
TIME IN SECONDS 


7. Maximum Transient Thermal Impedance 


NOTES: (1) DC TO 400 PRS. 
(2) JUNCTION TEMPER-~ 
ATURE IMMEDIATELY 
PRIOR TO TURN-ON#—40°C 
TO +110°C. 

(3) SWITCHING FROM 
RATED VOLTAGE. 

(4) GATE SUPPLY: 5 VOLT_| 
OPEN CIRCUIT, 300 OHM, 
Sp SEC SQUARE WAVE 


PULSE, RISE TIME =O.lp 
SEC MAXIMUM. 


INSTANTANEOUS VALUE OF ANODE CURRENT 
MUST NEVER EXCEED TURN-ON CURRENT 
LIMIT LINE SHOWN. 


INSTANTANEOUS FORWARD ANODE CURRENT-AMPERES 


‘or 02 


04 O06 08 | 2 4 
TIME FROM START OF CURRENT FLOW- MICROSECONDS 


6 8 10 


9. Turn-On Current Limit 
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MOUNTING METHODS 

The C106, because of its unique package design, is capable of being mounted in a variety of methods; 
depending upon the heatsink requirements and the circuit packaging methods. 

The leads will bend easily, either perpendicular to the flat or to any angle, and may also be bent, if 
desired, immediately next to the plastic case. For sharp angle bends (90° or larger), a lead should be bent 
only once; since repeated bending will fatigue or break the lead. Bending in other directions may be 
performed as long as the lead is held firmly between the case and the bend, so that the strain on the lead is 
not transmitted to the plastic case. 

The mounting tab may also be bent or formed into any convenient shape so long as it is held firmly 
between the plastic case and the area to be formed or bent. Without this precaution, bending may fracture 
the plastic case and permanently damage the unit. 

As a service to its customers, the General Electric Company provides a lead and tab shaping capability. 
Any of the derived types shown in the following chart are available direct from the factory to original 
equipment manufacturers. 


BASIC TYPES 


C106 Type 1 


C106 Type 2 


C106 Type 3 


DERIVED TYPES 
(The types shown below are derived from the 
basic types illustrated in the left-hand column.) 
PRINTED CIRCUIT BOARD 
MOUNTING 
(Upright or Flat) 


RIVET OR SCREW MOUNTING TO FLAT SURFACE 


C106 Type 12 


C106 Type 21 


‘| 
al 


160 


120 
b= 465 REE 


C106 Type 32 


C106 CONVERSIONS 
120 3.048 
4.064 420 10.668 
3.047 380 9.651 
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qx 420 
“380 
b 


i b=193 REF. 
Fr 
jt 


C106 Type 4 C106 Type 41 


SIMPLE TEST CIRCUIT FOR THE C106 SCR* 


Gate Trigger Voltage and Current Measurement 


RESET - NORMALLY CLOSED PUSHBUTTON 


Vi —0-10 volt DC meter 
Ver — 0-1 volt DC meter 

Ics —0-lmA DC milliameter 
R1 — 1K potentiometer 


To measure gate trigger voltage and current, raise gate voltage (V,r) until meter reading V, drops 
from 6 volts to 1 volt. Gate trigger voltage is the reading on Var just prior to V, dropping. Gate trigger 
current Igr can be computed from the relationship: 


Ver 


~~ 1000 


where Ics is reading (in amps) on meter just prior to V, dropping. NOTE: Ig, may turn out to be a nega- 
tive quantity (trigger current flows out from gate lead). 


Ior = Ics amps 


* For more sophisticated equipment suitable for testing the C106 SCR see GE Application Note 200. 19 
“Using Low Current SCR’s”. 
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CIRCUIT DESIGN 


1. Use of Gate Resistor 


The C106 SCR is guaranteed to block rated voltage over its rated operating temperature range only if 


a resistance of not more than 1000 ohms, or equivalent, ** is connected between its gate and cathode termi- 
nals as follows: 


o ANODE 


CATHODE 


** For alternative acceptable gate biasing methods see Application Note 200.19 “Using Low Current SCR’s”’. 
2. Suppression of Rate Effect — 


In circuits where the C106 is subjected to fast rising anode voltages, as for instance where voltage is 
applied suddenly with a switch, RC “slow down’’ filters may be required to prevent the SCR from trigger- 


ing spontaneously. C should be selected in conjunction with Ry, so that dv/dt is less than 10 volts per micro- 
second thus: 


DV V 
[" 


R_ (LOAD RESISTANCE ) 


10 
‘e) r=(R, XC) 


(The 10 ohm resistor limits turn on current through the SCR toa safe value when the SCR turns on.) 


OUTLINE DRAWINGS 


C106 CONVERSIONS 


NOTE:|.GATE LEAD IS ADJACENT TO CHAMFER. 
SnCHES MILLET 400 2. ANODE. 
3. CATHODE. 
4. TABIS DIRECTLY CONNECTED TO CENTER 
a DIA. LEAD (ANODE) INTERNALLY. 


.070 X 45° REF. 
CHAMFER 
NOTE I 
SEE NOTE 2 
105 
095 


“wo | Tat ClwO6 TYPE! ClO6 TYPE2 ClO6 TYPE 3 ClO6 TYPE 4 
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REPRESENTATIVE APPLICATIONS OF THE C106 SCR 
C106 
1. Emergency Light 


This simple circuit provides battery operated emergency lighting instantaneously upon failure of the 
regular AC service. When line power is restored, the emergency light turns off and the battery recharges 
automatically. The circuit is ideal for use in elevator cars, corridors and similar places where loss of light due 
to power failure would be undesirable. Completely static in operation, the circuit requires no maintenance. 

With AC power “on”, capacitor C1 charges through rectifier CR1 and resistor R1 to develop a nega- 
tive DC voltage at the gate of the Cl06Y SCR. By this means the SCR is prevented from triggering, and 
the emergency light stays off. At the same time, the battery is kept fully charged by rectifier CR2 and re- 
sistor R2. Should the AC power fail, C1 discharges and the SCR is triggered on by battery power through 
resistor R3. The SCR then energizes the emergency light. Reset is automatic when AC is restored, because 
the peak AC line voltage biases the SCR and turns it off. 


ee 


re CR2-GE A4OF 
BIOS: R2-CURRENT LIMITING 


GE 
1073 LAMP AS REQUIRED 


240/120 ci 
VOLTS AC |OOMF 


12 VOLT BATTERY 


CRI 
GE Al4F 


i [tii 


oa ALL R 
240/120|12.6 VOLT LL. RESISTORS 


(72 WATT 
TRANSFORMER EXCEPT AS 


NOTED 
2. Universal Motor Speed Control 


This circuit can replace the carbon-pile speed controller commonly supplied with household sewing ma- 
chines. It is equally effective for use with other small AC-DC motors, such as those found in food mixers 
and similar traffic appliances. Maximum current capability is 1.5 amps. Provision of speed-dependent feed- 
back gives excellent torque characteristics to the motor, even at low speeds where other types of controllers 
are completely ineffective. 

The resistor capacitor network R1-R2-C1 provides a ramp-type reference voltage superimposed on top 
of a DC voltage adjustable with the speed-setting potentiometer R2. This reference voltage appearing at 
the wiper of R2 is balanced against the residual counter emf of the motor through the SCR gate. As the 
motor slows down due to heavy loading, its counter emf falls, and the reference ramp triggers the SCR 
earlier in the AC cycle. More voltage is thereby applied to the motor causing it to pick up speed again. Per- 
formance with the C106 SCR is particularly good because the low trigger current requirements of this de- 
vice allow use of a flat top reference voltage, which provides good feedback gain and close speed regulation. 


Line 
Voltage 120V 


1uF, 50V uF, 100V 
| Co (O.1uF, 50V | 0.1uF, 50V 


LINE 
VOLTAGE 


MIXER 

SEWING 

MACHINE ,OR 

SIMILAR 
UNIVERSAL 
MOTOR 

(MAX. CURRENT 
1.5 AMR) 


scr] crose1_| _c1osp1_| 


Note 
* C, optional, contributes to performance in some circumstances. 


Neither the disclosure of any information herein nor the sale of semiconductor devices by General Electric Company 
conveys any license under patent claims covering combinations of semiconductor devices with other devices or elements. In the 
absence of an express written agreement to the contrary, General Electric Company assumes no liability for patent infringement 


arising out of any use of the semiconductor devices with other devices or elements by any purchaser of semiconductor devices 
or by others. 
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Silicon Controlled Rectifier 
Flat Pack Design 


Mod 
Up to G00 Volts 4 Amperes (RMS) condi 


PRODUCT FEATURES 


The Type C107 Silicon Controlled Rectifier (SCR) 
has the following outstanding features: 


C107 
LOW COST TYPE 4 
C107 
VERSATILE Designed for a variety of mount-down ley 
methods—printed circuit, plug-in socket, screws, 
or point-to-point soldering €107 
TYPE 1 
RUGGED, COMPACT Uses a solid plastic encapsulant 
in rectangular shape for high density packaging 
(PULL SIZE) 
TYPICAL APPLICATIONS 
MOTOR CONTROL = Electric Model Trains REMOTE CONTROL Armchair TV Control 
Sewing Machines Master Switching Stations for 
Movie Projectors Home 
Food Mixers Garage Door Openers 
Electric Fans Power Switch 
Slot Racing Cars 5 . 
LIGHT Flame Detectors DRYNESS Clothes Dryness Sensor 
Moving-Light Signs (Chasers) 
Driver for Computer Readout PROXIMITY Burglar Alarm 
Lights Touch Switch 
Harbor Buoy Flashers Electric Door Openers 
Automotive Warning Systems 
Nixie, & Neon Drivers COUNTING Low Speed Ring Counters 
TEMPERATURE Range Surface Unit (Hybrid) Shift Registers 
Chemical Processing 
(Photographic, etc. ) SWITCHING Relay Replacement 
Food Warmer Tray Solenoid Drivers 
Bearing Temperature Sensor Latching Relay Replacement 
Electric Blanket Control! Shab! Flip aaah 
w Power Inverters 
PRESSURE Auto Oil Pressure Gage 
Hot Water Boiler Safety Monitor Thyratron Tube Replacement 
AMPLIFIERS Gate Amplifier for Larger SCR’s, 
Triacs 
TIME Phote Darkroom Exposure —Blenders 
Oven Timer ——Hand Tools 
Vending Machine Logic 
Industrial Process Control IGNITION Small Gas Engines 
LIQUID LEVEL Basement Sump Pump Gas Appliances 
Automatic Coffee Maker 
Automatic Shutoff for Vending DETECTION Voltage (Battery Charger) 
Machines Current (Crowbar) 
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MAXIMUM ALLOWABLE RATINGS C107 


Repetitive Peak Off-State Working and Repetitive 


Voltage, Viiv Peak Reverse Voltage, 
Type Rig. = 1000 Ohms Views 99d Viens 
C= — 40°C to +310°C | JT, = —40°C to +110°C 
€107Q1, C107Q2, C107Q3, C10704 15 Volts aa 15 Volts 
C107¥1, C107Y2, C1073, C107 Y4 30 Volts 30 Volts 
C1071, C1072, C107F3, C1073-4 Si) Volts 50 Volts 
C107A1, C107A2, C107 A3, C107A4 100 Volts 100 Volts 
€107B1, C107B2, C107B3, C107B4 200 Volts 200 Volts 
€107C1, €107€2, C107C3, C107C4 300 Volts 300 Volts 
CLO7DI, C107D2, CIG7D3, C107D4 406 Volts 400 Volts 
C107E1, C1LO7E2, CLO7E3, C1O7E4 $00 Volts 500 Volts 
C107M1, C107M2, C107M3, C107M4 600 Volts 600 Volts 
RMS On-State Current, Tyra)... eee ee en eee 4 Amperes ; 
Repetitive Peak On-State Current, lou... 6. ete tees 75 Amperes 
Critical Rate-Of-Rise of ; 
On-State Current, di/dt (see Chart 8) ....-.-.. 006 e ee ce eee eee 50 Amperes/Microsecond 
Peak One Cycle Surge (non-rep) On-State Current, Ipsu-. 6. eee ce tee 15 Amperes 
I't (for fusing), for times = 1.5 milliseconds............- 000s eee eee eee eee 0.5 Ampere? seconds 
Peak Gate Power Dissipation, Puy... 0.0.0 ee ete eee e teenies 0.5 Watts 
Average Gate Power Dissipation, Paiavy.. oe nee tet eee 0.1 Watts 
Peak Positive Gate Current, lay... ene eee nett eens 0.2 Amperes 
Peak Negative Gate Voltage, Viy.. 2.2... cee teen eee eet e eee eee 6 Volts 
Storage Temperature, Tor oo... ee ee nent eee eens —40°C to +150°C 
Operating Temperature, Ty... 0.02.60. ccc ete ene neces —40°C to 4+-110°C 
{This rating applies for operation at 69 Hz, 75°C masimum tab (or anode lead) temperature, switching from &0 volts peak, 
sinusoidal current pulse, width 10 psec. minimum, 15 usec. marimum, 
CHARACTERISTICS 
ar a SNP ee ee ee SR ee 
Test Symbol Min. Typ. Max. Units Test Conditions 
ra FR 5 rere TON a SPN ES SEN re DE SESE ee eS 
Peak Reverse IRRM — 0.1 10 MA Varro = Vorm = Rated Value. 
and Off-State or Ti = 25°C, Rex = 1000 Ohms 
Current IpRu 
(All Types) 
— 10 100 LA Vearu = Vorm= Rated Value. 
T,_ = 110°C, Rex = 1000 Ohms. 
*DC Gate Trigger lot — - 500 bAdc TL = 25°C, Vp = 6 Vdc, Ry = 100 Ohms, 
Current Rex = 1000 Ohms. 
DC Gate Trigger Vet 0.4 0.5 0.8 Volts T, = 25°C, Vp = 6 Vde, R_ = 100 Ohms. 
Voltage DC Rox = 1000 Ohms. 
0.2 - - Volts T, = 110°C, Rated Vonm 
pc Ry, = 3000 Ohms, Rg = 1000 Ohms. 
Peak On-State Vom - 2.2 2.5 Volts Ty = 25°C, ly = 4 Amperes Peak, 
Voltage Single Half Sine Wave Pulse, 
2 Millisec. Wide. 
Holding Current Ty 0.3 2.0 6.0 mAdc Ty = 25°C, Anode Supply = 12 Vde, 
Rgx = 1000 Ohms. 
0.14 1.2 4.0 mAdc Ty, = 110°C, Anode Supply = 12 Vde, 
Rex = 1000 Ohms, 
Latching Current IL 0.3 3.0 8.0 mAdc T= 25°C, Anode Supply = 12 Vdc, 
Rok = 1000 Ohms. 
Critical Rate of dv/dt - 8 - Volts/ Ty = 110°C, Rated VoRm 
Rise of Off-State Micro- Rex = 1000 Ohms. 
Voltage second 
Tumn-On Time tatty = 1,2 - Micro- Ty = 28°C, Rated Vorm 
seconds I+m = 1 Ampere, Gate Pulse = 4 Volts, 
300 Ohms, 5 Microseconds Wide. 
Circuit tg os 40 100 Micro- T, = 110°C, rectangular current waveform. 
Commutated seconds Rate of Rise of current < 10 amps/psec. 


Turn-Off Time Rate of reversal of current < 5 amps/jsec. 


I+m = 1 Amp (50 usec. pulse). Repetition 
Rate = 60 pps. Rated Varm 

Vp = 15 Volts Minimum. Rated Vornm 
Rate of Rise Reapplied Forward 
Blocking Voltage = § Volts/psec. 

Gate Bias = 0 Volts, 100 Ohms 

(during turn-off time interval). 


The lead temperature (T,) is measured in the center of the tab, 1/16 inch from the body on Type 1 and Type 3 devices, and in 
the center of the anode lead, 1/16 inch from the body on Type 2 and Type 4 devices, 
*Devices with an Ig7 max. of 1mA and 2mA are available as C107-X1, or C107-X2 at reduced prices. 
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HOLDING CURRENT-MILLIAMPERES 


INSTANTENEOUS ON-STATE CURRENT — AMPERES 


le] 0.5 1.0 LS 20 25 30 63.5 
INSTANTANEOUS ON~ STATE VOLTAGE - VOLTS 


1. Maximum On-State Characteristics 


4.0 


ro —— T 
NOTES: |. RESISTIVE OR INDUCTIVE LOAD, 50 TO 400H2) 
2. RATINGS DERIVED FOR 0.0! WATT AVERAGE GATE 
POWER DISSIPATION. 
3. TEMPERATURES ARE MEASURED 1/16" FROM BODY 
ON EITHER TABOR ANODE LEAD ASINDICATED. 
4. TAB VERTICAL IN FREE AIR. 


180" «360° 
CONDUCTING] BLOCKING 
ONE SUPPLY CYCLE —l 


YPES (AND 3 
AMBIENT TEMP. 
(SEE NOTE 4} 


NTYres 2AND4 \ 


ie} 04 0.8 12 16 20 2.4 2.8 3.2 


AVERAGE ON~STATE CURRENT—AMPERES ( HALF SINE WAVE ) 
3. Maximum Allowable Temperatures 
for Half Sine Wave On-State Current 


NOTES: (I) CURVES SHOWW ARE FOR VARIOUS 
JUNCTION TEMPERATURES. 


(2) ANODE SUPPLY VOLTAGE «= 12 VOLTS. 
(3) CAUTION: ‘STANDARD OFF STATE 


VOLTAGE RATING DOES NOT APPLY FOR 
GATE TO CATHODE RESISTANCES GREATER 


GATE TO CATHODE RESISTANCE-OHMS 
5. Maximum and Minimum Holding 
Current Variation with External 
Gate-to-Cathode Resistance 
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TRANSIENT THERMAL {IMPEDANCE —°c PER WATT 


AVERAGE ON-STATE POWER DISSIPATION ~ WATTS 


NOTES: 


|.JUNCTION TEMPERATURE= 110°C 


2.RESISTIVE OR INDUCTIVE LOAD, 50 TO 400 Hz 


HALF SINE WAVE 
ON-STATE CURRENT 


4 


05 


Lo Ls 2.0 


2.5 


3.0 


AVERAGE OR DC ON-STATE CURRENT — AMPERES 


2. Maximum On-State Power Dissipation 


l20 NOTES™ |. RESISTIVE OR INDUCTIVE Loap.T TT 
ok 2: RATINGS DERIVED FOR 0.0! WATT AVERAGE GATE 
7 ie 3. TEMPERATURES ARE MEASURED 1/16" FROM BODY 
S100 — ON EITHER TAB OR ANODE LEAD As INDICATED. 
| \\ 4.7AB VERTICAL IN FREE AIR | {| 
wi 90 — |“ —< |} mee 
 eot_Y KET bfeaihs Hesae 
Bol AN Beane 
2 70 = 
B soll » 2 
uy 
> a IN NI |_| 
z 1 
TYPES IAND 3 
g 40 path 7 tT PS] TAB TEMP. 
= so TYPES TYPES | ANO'3 TYPES 2 AND4 ( SEENOTE3) 
°F AMBIEN AMBIENT TEMP. I~ ANODE LEAD TEMP.— "S17 
2 ool ceM (SEE NOTE 4) (SEENOTE 3) .< 
2 20/(see 
% NOTE4) Me Na | 
= lo 1 | q 
ot |_| 
° 04 oe | 612 16 20 2 28 32 36 40 


DC ON-STATE CURRENT — AMPERES 
4. Maximum Allowable Temperatures 


for DC On-State Current 


1000 


800 


600 
400 


200 


ele) 
8 


: (I) TAB AND ANODE LEAD REFERENCE 
POINTS ARE 1/16 INCH FROM DEVICE BODY. 
(2) THERMAL IMPEDANCE FROM JUNCTION TO 
AMBIENT FOR TYPES | AND 3 APPLY FOR 
MOUNTING WITH THE TAB VERTICAL iN 


VUNCTION TO AMBIENT — 
TYPES 284 


FREE AM: FOR TYPE 2 AND 4 IN ANY 
—POSITION 1M FREE AIR, 


boot 0.002 an04 ool aocz 004 


or O02 O4 
TIME IN SECONDS 


6. Maximum Transient Thermal Impedance 


PEAK HALF SINE WAVE ON-STATE CURRENT- AMPERES 


aaa 


6 oN 


nw + aw GF N @ © 


i « ae 


+ (1) OC TO 400 PPS. 


(2) JUNCTION TEMPERATURE 


IMMEDIATELY PRIOR TO TURN— 
ON =— 40°C TO+110°C. 


(3) SWITCHING FROM RATED 
VOLTAGE. 


(4) GATE SUPPLY: 5 VOLT OPEN 


[—_ NOTE: JUNCTION TEMPERATURE _| 


CIRCUIT, 300 OHM, 1.5 SEC 
SQUARE WAVE PULSE, RISE 


INSTANTANEOUS ON-~ STATE CURRENT-AMPERES 


IMMEDIATELY PRIOR TO [ TIME = O.l SEC MAXIMUM. 
SURGE = —40°C TO +110°C. | _—+- 
eat! 44 
a +— 4} eres | INSTANTANEOUS VALUE OF ON-STATE CURRENT 
MUST NEVER EXCEED TURN-ONCURRENT LIMIT LINE 
r i ro t— SHOWN, 
i 2 4 6 8 0 20 40. 60 ry] 0.2 0.4 0.6 08 | 2 46 6 10 


7. Maximum Allowable Peak Surge 


CYCLES AT 6O Hz 


TIME FROM START OF CURRENT FLOW-MICROSECONDS 


8. Turn-On Current Limit 


On-State Current (Non-repetitive) 


C108 CONVERSIONS 


OUTLINE DRAWINGS 


NOTE:1. GATE LEAD 1S ADJACENT TO CHAMFER. 


400 __ | 2. ANODE. 
“oe | aan .360 3.CATHODE. 
oy | cal = 4. TABIS DIRECTLY CONNECTED To CENTER 
260 l ART a LEAD (ANODE) INTERNALLY. 
135 240 : 026 
15 / a 
SEE 
NOTE me | 
4 $20 
-385 320 “480 
365 3! 
= a 
315, 
285 
2 SEE 070 X 45° REF 
are | aaa 420 NOTE see CHAMFER 
aie | 7474 
ar Tae -400 NOTE | 
Sr Sree SEE NOTE 2 
je | oa 105 105, le! 
eo 4 (“oes 095 13014 
pata amines ‘ 
“wo | W010 04 
y sae | sagen | 
C107 TYPE 1 C107 TYPE 2 C107 TYPE 3 C107 TYPE 4 
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MOUNTING METHODS 

The C107, because of its unique package design, is capable of being mounted in a variety of methods; 
depending upon the heatsink requirements and the circuit packaging methods. 

The leads will bend easily, either perpendicular to the flat or to any angle, and may also be bent, if 
desired, immediately next to the plastic case. For sharp angle bends (90° or larger), a lead should be bent 
only once; since repeated bending will fatigue or break the lead. Bending in other directions may be 
performed as long as the lead is held firmly between the case and the bend, so that the strain on the lead is 
not transmitted to the plastic case. 

The mounting tab may also be bent or formed into any convenient shape so long as it is held firmly 
between the plastic case and the area to be formed or bent. Without this precaution, bending may fracture 
the plastic case and permanently damage the unit. 

As a service to its customers, the General Electric Company provides a lead and tab shaping capability. 
Any of the derived types shown in the following chart are available direct from the factory to original 
equipment manufacturers. 


DERIVED TYPES 


(The types shown below are derived from the 
basic types illustrated in the left-hand column.) 


PRINTED CIRCUIT BOARD 
MOUNTING RIVET OR SCREW MOUNTING TO FLAT SURFACE 


(Upright or Flat) 


—H-— 120 
.080 
b«.332 REF. =o 
” ah 
,080 
oe Ea 
PAT 


C107 Type 1 C107 Type 11 


| ‘ 7 
a b* .332 REF. 
0 
= oo 
Far 
b 
C107 Type 2 C107 Type 21 


C107 Type 3 


BASIC TYPES 


60. 
120 


be 466 REF 


C107 Type 12 


f 
+1 


C107 Type 32 


[INCHES | __ MILLIMETERS _| 
120 3.048 
080 2.031 


4.064 
3.047 


C107 Type 4 C107 Type 41 
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Silicon Controlled Rectifier 
Flat Pack Design 


Up to 600 Volts 5 Amperes 
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PRODUCT FEATURES 


The Type C108 Silicon Controlled Rectifier (SCR) 
has the following outstanding features: 


LOW COST 
SENSITIVE 


Operates directly from low signal 


sensors such as thermistors, photo-conductive cells, etc. 


VERSATILE 


Designed for a variety of mount-down 


methods—printed circuit, plug-in socket, screws, 

or point-to-point soldering 

RUGGED, COMPACT Uses asolid plastic encapsulant 
in rectangular shape for high density packaging 


TYPICAL APPLICATIONS 


MOTOR CONTROL 


LIGHT 


TEMPERATURE 


PRESSURE 


TIME 


LIQUID LEVEL 


Electric Model Trains 
Sewing Machines 
Movie Projectors 
Food Mixers 

Electric Fans 

Slot Racing Cars 


Flame Detectors 

Moving-Light Signs (Chasers) 

Driver for Computer Readout 
Lights 

Harbor Buoy Flashers 

Automotive Warning Systems 

Nixie & Neon Drivers 


Range Surface Unit (Hybrid) 

Chemical Processing 
(Photographic, etc.) 

Food Warmer Tray 

Bearing Temperature Sensor 

Electric Blanket Control 


Auto Oil Pressure Gage 
Hot Water Boiler Safety Monitor 


Photo Darkroom Exposure 
Oven Timer 
Vending Machine Logic 
Industrial Process Control 
Basement Sump Pump 
Automatic Coffee Maker 
Automatic Shutoff for Vending 
Machines 
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c108 
TYPE 1 


REMOTE CONTROL 


DRYNESS 


PROXIMITY 


COUNTING 


SWITCHING 


AMPLIFIERS 


IGNITION 


DETECTION 


¢108 
se; 
C108 : 
TYPE 2 | 
C108 
TYPE 3 
(FULL SIZE) 


Armchair TV Control 

Master Switching Stations for 
Home 

Garage Door Openers 

Power Switch 


Clothes Dryness Sensor 


Burglar Alarm 
Touch Switch 
Electric Door Openers 


Low Speed Ring Counters 
Shift Registers 


Relay Replacement 

Solenoid Drivers 

Latching Relay Replacement 
Power Flip Flops 

Low Power Inverters 
Thyratron Tube Replacement 


Gate Amplifier for Larger SCR’s, 
Triacs 
—Blenders 
—Hand Tools 


Small Gas Engines 
Gas Appliances 


Voltage (Battery Charger) 
Current (Crowbar) 


Repetitive Peak Forward Blocking 
Voltage, VExm 


Working and Repetitive 
Peak Reverse Voltage, 


C108 MAXIMUM ALLOWABLE RATINGS 
RGK = 1000 Ohms Vrom(wkg) and Vaomirep) 


Type 
Ty = -40°C to +110°C Ty = -40°C to +110°C 


RMS Forward Current, On-State 2... ee ee ee ee eee ee eee teen beeen eeneeeeneeceanaae 5 Amperes 
Rate of Rise of Forward Current (non-repetitive), di/dt (See Chart 9)... 0.0... eee ee eee eee wenn eee 50 Amperes/Microsecond 
Peak Forward Current, On-State (repetitive). 2... ee ee ee ee ne ene eee eben eee eenenee ... 75 Amperes* 
Peak One Cycle Surge Forward Current, Non-Repetitive, Tea (SUTBC) 5-5 as seal base Wo BEA Be eS: SE eo a side or MC ar ws Oe dal 30 Amperes 
it (LOK FUSING), 557-5 isc 20% ee gig, for Sesden tie MoM ee: elo chaser gw ae tole Bb cHLEL Ef Aas hah clas Moekge aL 1.0 Ampere seconds (for times 1.5 Milliseconds) 
Peak Gate Power, Pom Se a na ER Ra US ELS cae SI ee, oe Ce Regs A oak Bee pe ah ace eR RO eR Ela Mee we a cee Ee eo ead 0.5 Watt 
Average Gate Power, er AV) 88 Ee ete BE en ne ee ee EE A Ree Eee ONG we wee oN bo 8 8 ee ae e 0.1 Watt 
Peak Gate Current, UGG 7 ics cates Ste here ie Sob eo ete nged eg Aon Beh ae bt Ceivicearta lata aeeee Seas a te tail awh Godel ate dteace afta B 0.2 Amperes 
Peak Reverse Gate Voltage, VGRM PW a Ge see ie hath Oe a Pach aah hy wk ade ee BO ENaC ek ar tact Wl Ie Bee as ne a EMI Bg iad Ie 6 Volts 
Storage Temperature, gh coh.65" a ayeatla Soya gy oceregices I foe Riga Es a alia e Wohibrve, ss BEGG Ws Beelje a Ap eid Senda ee ah Bratete see a os -40°C to +150°C 
Operating Temperature sc. fee. 3pc-42205. oo s8- 8:50 ea S Sesegulncdbonine GG, csotde €osehan igs Sopa Sooo atta eeade dels gelh, sdaua ee ee og Bee ee -40°C to +110°C 


*This rating applies for operation at 60 Hz, 75°C maximum tab (or anode) lead temperature, switching from 80 volts peak, sinusoida! current pulse 
width 10 sec, minimum, 15 Usec, maximum. 


JUNCTION 


TEMP= 10°C 
i Sy | —t Ne + \ 
JUNCTION 
TEMP = 25°C 
ae als | i 


INSTANTANEOUS FORWARO CURRENT~AMPERES 


ala > 4} ——+ + 
“lem INCREASES To FORWARD 


BREAKOVER VOLTAGE | 


Lo 20 
INSTANTANEOUS ON - VOLTAGE —VOLTS 


fo) 


1. Maximum Forward Characteristics, On State 
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10 7 100 10 
| ese 
| gs 
c) i$ 
NOTES: (I) JUNCTION TEMPERATURE = I|0°C ¥ 4 
@)RESISTIVE OR INDUCTIVE LOAD, a 
50 TO 400 Hz s 3 
8 t 3 
e | 2 
E | pS 
a uj to 1 
5 2b { + tf Bo8t waximom GATE 
z « 
e HALF SINE WAV | 3 
& 6} —1 4. + on- STATE CURRENT + e *} 208 
B DC ON-STATE 3 3 
g | CURRENT | at Boe MAXIMUM GATE, TRIGGER VOLTAGE |} 
& 5 t i T "| g eae 
& i 
Fa | | z ES on 
w 8 o8 F SE waximum GATE 
e 4b + an 06 ite 
5 “ H 
, oat _ 
3 
3 + i i & 1 Woe. 
2 i = [ 
i i TT a 
© | s 
we 
z Oke eee f beeens Mae 
1 02 04081 2 4 6 B10 20 40 60,100 200 400 609, 1900 
\ —t——}—_4—_—_}—-+-.-- + GATE PULSE WIDTH~ MICROSECONDS 
. . 
i | 3. Maximum Gate Trigger Current 
1 2 3 4 5 eas 
AVERAGE OR OC ON-STATE CURRENT, AMPERES and Voltage Variation with 


2. Maximum On-State Power Dissipation Trigger Pulse Width 


CHARACTERISTICS 
Test Symbol Min. Typ. Max. Units Test Conditions 
Reverse or Forward InRM = 0.1 10 HA Varn = Vorn = Rated Value. 
Blocking Current or Ty = 25°C, Rex = 1000 Ohms 
(All Types) Ipam 
= 10 100 UA Vearm = Voram= Rated Valuc, 
TL = 110°C, Rex = 1000 Ohms. 
*DC Gate Trigger Igot - 30 200 MAdc Ty = 25°C, Vp = 6 Fde, Ry = 100 Ohms 
Current Rex = 1000 Ohms 
= 75 500 MAdc Ty =-40°C, Vo. = 6 Vde, Ry = 100 Ohms 
Rex = 1000 Ohms 
DC Gate Trigger Vet 0.4 0.5 0.8 Volts T._ = 25°C, Vp, = 6 Vde, Ry = 100 Ohms 
Voltage DC Rex = 1000 Ohms 
0.5 0.7 1.0 Volts Ty =-40°C, Vp = 6 Vde, Ry = 100 Ohms 
DC Rex = 1000 Ohms 
0.2 - ~ Volts TL = 110°C, Vp = Rated VprMo Value 
DC R, = 3000 Ohms, Rex = 1000 Ohms 
Peak On-Voltage Vom - 1.2 1.35 Volts TL = 25°C, It—4 = 5 Amperes Peak, 
Single Half Sine Wave Pulse, 
2 Millisec, Wide 
Holding Current Ty 0.3 1.0 3.0 mAdc Ty = 25°C, Vo = 12 Vde, Rew = 1000 Ohms 
0.4 2.0 6.0 mAdc TL =-40°C, Vp = 12 Vdc, Rex = 1000 Ohms 
0.14 0.6 2.0 mAdc TL =110°C, Vo = 12 Vdc, Rex = 1000 Ohms 
Latching Current I, 0.3 1.5 4.0 mAdc Ti = 25°C, Vp = 12 Vdc, Rex = 1000 Ohms 
0.4 3.0 8.0 mAdc TL =-40°C, Vp = 12 Vdc, Rex = 1000 Ohms 
Critical Rate of dv/dt - 8 - Volts/ TL =110°C, Vp = Rated Vornp Value 
Rise of Forward Micro- Rox = 1000 Ohms 
Blocking Voltage second 
Turn On Time tgtt, = 1,2 - Micro- TL = 25°C, Vpx = Rated Vorm Value 
seconds lem = 1 Ampere, Gate Pulse = 4 Volts, 
300 Ohms, 5 Microseconds Wide. 
Circuit Commutated tg - 40 100 Micro- Ty = 110°C, rectangular current waveform. 
Turn-Off Time seconds Rate of rise of current < 10 amps/Usec. 


Rate of reversal of current <5 amps/psec. 
I+m = 1 Amp (50 psec pulse). Repetition 
Rate = 60 pps. Va rm = Rated. 

Ve = 15 Volts Minimum. Vornm= Rated. 
Rate of Rise Reapplied Forward 

Blocking Voltage = 5 Volts/psec. 

Gate Bias = 0 Volts, 100 Ohms 

(during turn-off time interval). 


The lead temperature (T 1) is measured in the center of the tab, 1/16 inch from the body on Type 1 and Type 3 devices and in 
the center of the anode lead, 1/16anch from the body on Type 2 and Type 4 devices. 
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PEAK SINE WAVE FORWARD CURRENT ~ AMPERES: 


HOLDING CURRENT— MILLIAMPERES. 


MAXIMUM ALLOWABLE TEMPERATURE, °C 


40 


20 


0.1 4+ 4 


Tle} < | | 

100 er oo -—f er 

20 

' 

80 oe r- f= 
of 180° cR 360° 
fe CONDUCTING-Whe- BLOCKING —#1 

7O 
ke ONE SUPPLY CYCLE ———>} 

TYPES (+3 
45 TAB TEMP { | 
(SEE NOTE 3) 
TYPES 2+4 
vaaienr *  \ANODE LEAD 
TEMR TENE, 
6 EN : (SEE NOTE 3) 
if NOTES: (1) RESISTIVE OR INDUCTIVE 
LOAD 50 TO 400Hz 
(2) RATINGS DERIVED FOR .O| WATT 
a AYRES IES AVERAGE GATE POWER DISSIPATION 
! (3) TEMPERATURES ARE MEASURED 
fecha i V/i6" FROM BODY ON EITHER TAB 
aa | OR ANODE LEAD AS INDICATED 
i (4) TAB VERTICAL INFREE AIR 
20 +—— 
ak 
1 2 3 4 5 
AVERAGE ON-STATE CURRENT — AMPERES (HALF SINE WAVE) 
4. Maximum Allowable Temperatures 
: 
for Half Sine Wave On-State Current 
100 a 
T 
vf —} fT 
} rd 
60 — | foe ee 
' 14 ! 
I ‘ 


THAN 1000 OHMS 


JUNCTION TEMPERATURES, 
{2) ANODE SUPPLY VOLTAGE «12 VOLTS 


(3) CAUTION: STANDARD FORWARD BLOCKING |_| 
VOLTAGE RATING DOES NOT APPLY FOR 
GATE TO CATHODE RESISTANCES GREATER 


i 
T NOTES {I} CURVES SHOWN ARE FOR VARIOUS 7 
; i 


MAXIMUM AT - 40°C | —_}__4__{ 
4 


| 


MAXIMUM AT 25% 


f 


MINIMUM AT I 


oo 200 400 600 800 1000 2000 


4000 e000 / 10000 
GATE TO CATHODE RESISTANCE ~OHMS 8000 


6. Maximum and Minimum Holding 


Current Variation with External 
Gate-to-Cathode Resistance 


30. 


20) 


| 


| | 


JUNCTION TEMPERATURE 
IMMEDIATELY PRIOR TO 
SURGE =~ 40°C TO + 110°C 


' 2 4 6 810 
CYCLES AT 60Hz 


20 


40 60 


8. Maximum Allowable Non-Repetitive 
Peak Surge Forward Current 


MAXIMUM ALLOWABLE TEMPERATURE,°C 


10. 


100: 


T T T T T 
NOTES: (1) RESISTIVE OR INDUCTIVE 
LOAD 


90 


Te) 


(4) TAB VERTICAL IN FREE AIR 


(2) RATINGS DERIVED FOR .O| WATT 
AVERAGE GATE POWER DISSIPATION 

(3) TEMPERATURES ARE MEASURED 
\VI6" FROM BODY ON EITHER TAB 
OR ANODE LEAD AS INDICATED 


70 


60 


+ + + 
TYPE 264 yYAB TEMP 
ANODE LEAD TEMP {SEE NOTE 3) 


50] T 
TYPES 244 
ANODE LEAD TEMP 
40 = (SEE NOTE 3 a 
TYPES (+3 
AMBIENT TEMP. 
(SEE NOTE 4) 
30 + + 


20) 


1 2 
OC ON-STATE CURRENT ~AMPERES 


3 4 5 


5. Maximum Allowable Temperatures 
for DC On-State Current 


(1) TAB AND ANODE LEAD REFERENCE 


POSITION IN FREE AIR. 


POINTS ARE I/16 INCH FROM DEVICE BODY. PUNCTION TO AMBIENT — 
(2) THERMAL IMPEDANCE FROM JUNCTION TO 
AMBIENT FOR TYPES 1 NO 3 APPLY FOR 
MOUNTING WITH THE TAB VERTICAL IN 
FREE AIR’ FOR TYPE 2 AND 4 IN ANY 
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7. Maximum Transient Thermal Impedance 


INSTANTANEOUS FORWARD ANODE CURRENT-AMPERES 
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esd ava 
faa 
LZ 

NOTES: 


(1) DC TO 400 PPS. 

(2) JUNCTION TEMPER- 
ATURE IMMEDIATELY 
PRIOR TO TURN-ON#—40°C 
TO +110°C. 

(3) SWITCHING FROM 
RATED VOLTAGE. 

(4) GATE SUPPLY: 5 VOLT 
OPEN CIRCUIT, 300 OHM, 
(Sw SEC SQUARE WAVE 
PULSE, RISE TIME *O.1y 
SEC MAXIMUM. 


INSTANTANEOUS VALUE OF ANODE CURRENT 


MUST NEVER EXCEED 
LIMIT LINE SHOWN. 


0.2 04 O06 08! 


TURN-ON CURRENT 


2 4 6 810 


TIME FROM START OF CURRENT FLOW- MICROSECONDS 


9. Turn-On Current Limit 


MOUNTING METHODS 


The C108, because of its unique package design, is capable of being mounted in a variety of methods; 
depending upon the heatsink requirements and the circuit packaging methods. 

The leads will bend easily, either perpendicular to the flat or to any angle, and may also be bent, if 
desired, immediately next to the plastic case. For sharp angle bends (90° or larger), a lead should be bent 
only once; since repeated bending will fatigue or break the lead. Bending in other directions may be 
performed as long as the lead is held firmly between the case and the bend, so that the strain on the lead is 
not transmitted to the plastic case. 

The mounting tab may also be bent or formed into any convenient shape so long as it is held firmly 
between the plastic case and the area to be formed or bent. Without this precaution, bending may fracture 
the plastic case and permanently damage the unit. 

As a service to its customers, the General Electric Company provides a lead and tab shaping capability. 
Any of the derived types shown in the following chart are available direct from the factory to original 
equipment manufacturers. 


DERIVED TYPES 
(The types shown below are derived from the 
basic types illustrated in the left-hand column.) 


BASIC TYPES 
PRINTED CIRCUIT BOARD 
MOUNTING RIVET OR SCREW MOUNTING TO FLAT SURFACE 
(Upright or Flat) 
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C108 Type 4 
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SIMPLE TEST CIRCUIT FOR THE C108 SCR* 


Gate Trigger Voltage and Current Measurement 


RESET - NORMALLY CLOSED PUSHBUTTON 


Vi — 0-10 volt DC meter 
Ver — 0-1 volt DC meter 

Ices — 0-1mA DC milliameter 
R1 —1K potentiometer 


To measure gate trigger voltage and current, raise gate voltage (Vcr) until meter reading V; drops 
from 6 volts to 1 volt. Gate trigger voltage is the reading on Ver just prior to V, dropping. Gate trigger 
current Ig; can be computed from the relationship: 


Ier = I Aone 
elie te ah000 S 


where Is is reading (in amps) on meter just prior to V, dropping. NOTE: Icy may turn out to be a nega- 
tive quantity (trigger current flows out from gate lead). 


* For more sophisticated equipment suitable for testing the C108 SCR see GE Application Note 200.19 
“Using Low Current SCR’s”. 
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CIRCUIT DESIGN 


C108 
1. Use of Gate Resistor 


The C108 SCR is guaranteed to block rated voltage over its rated operating temperature range only if 


a resistance of not more than 1000 ohms, or equivalent, ** is connected between its gate and cathode termi- 
nals as follows: 


o ANODE 


CATHODE 


** For alternative acceptable gate biasing methods see Application Note 200.19 “Using Low Current SCR’s”. 
2. Suppression of Rate Effect 


In circuits where the C108 is subjected to fast rising anode voltages as for instance where voltage is 
applied suddenly with a switch, RC “slow down” filters may be required to prevent the SCR from trigger- 


ing spontaneously. C should be selected in conjunction with R,;, so that dv/dt is less than 10 volts per micro- 
second thus: 


Vv 
DV 

OV <10V/i S 

DT PB 


R_ (LOAD RESISTANCE ) 


10 
fe) r=(R, XC) 


(The 10 ohm resistor limits turn on current through the SCR toa safe value when the SCR turns on.) 


OUTLINE DRAWINGS 


NOTE:|. GATE LEAD IS ADJACENT TO CHAMFER. 
[_recnesmnuimerens 409 2. ANODE. 
ma) en .360 3.CATHODE. 
Ce a) ioe 4. TABIS DIRECTLY CONNECTED TO CENTER 
oa [ane 260 seh DIA. LEAD (ANODE) INTERNALLY. 
eet 135 240 026 
7 Te BIS” 
cfe| a op 8 
pr SEE 
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= 4 520 
== .385 .320 480 
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76 
3 
7 
ro (285 
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was [v7 105. = = 
EAE 105 ee (095 095 190), 
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REPRESENTATIVE APPLICATIONS OF THE C108 SCR 
1. Emergency Light 


This simple circuit provides battery operated emergency lighting instantaneously upon failure of the 
regular AC service. When line power is restored, the emergency light turns off and the battery recharges 
automatically. The circuit is ideal for use in elevator cars, corridors and similar places where loss of light due 
to power failure would be undesirable. Completely static in operation, the circuit requires no maintenance. 

With AC power “on”, capacitor Cl charges through rectifier CR1 and resistor R1 to develop a nega- 
tive DC voltage at the gate of the CLO8Y SCR. By this means the SCR is prevented from triggering, and 
the emergency light stays off. At the same time, the battery is kept fully charged by rectifier CR2 and re- 
sistor R2. Should the AC power fail, C1 discharges and the SCR is triggered on by battery power through 
resistor R3. The SCR then energizes the emergency light. Reset is automatic when AC is restored, because 
the peak AC line voltage biases the SCR and turns it off. 


oO 


CR2-GE A40F 


_ R2- CURRENT LIMITING 
iG7TSLAME AS REQUIRED 


2407120 cl 
VOLTS AC {OOMF 


a 
= l2 VOLT BATTERY 


u ALL RESISTOR: 
240/120|I2.6 VOLT anes : 
TRANSFORMER EXCEPT AS 


NOTED 


2. Universal Motor Speed Control 


This circuit can replace the carbon-pile speed controller commonly supplied with household sewing ma- 
chines. It is equally effective for use with other small AC-DC motors, such as those found in food mixers 
and similar traffic appliances. Maximum current capability is 1.5 amps. Provision of speed-dependent feed- 
back gives excellent torque characteristics to the motor, even at low speeds where other types of controllers 
are completely ineffective. 

The resistor capacitor network R1-R2-C1 provides a ramp-type reference voltage superimposed on top 
of a DC voltage adjustable with the speed-setting potentiometer R2. This reference voltage appearing at 
the wiper of R2 is balanced against the residual counter emf of the motor through the SCR gate. As the 
motor slows down due to heavy loading, its counter emf falls, and the reference ramp triggers the SCR 
earlier in the AC cycle. More voltage is thereby applied to the motor causing it to pick up speed again. Per- 
formance with the C108 SCR is particularly good because the low trigger current requirements of this de- 
vice allow use of a flat top reference voltage, which provides good feedback gain and close speed regulation. 


scr Voltage 


AC 

LINE 
VOLTAGE 
MIXER, 
SEWING 
MACHINE,OR 
SIMILAR 
UNIVERSAL 


0.1F, 50V 


SCR C108B1 c108D1 


ps Rie il 
poz 
[| Rs 
| C2 
a 
_a 


MOTOR 
(MAX. CURRENT 
1.5 AMP) 


Note 
* C, optional, contributes to performance in some circumstances. 


Neither the disclosure of any information herein nor the sale of semiconductor devices by General Electric Company 
conveys any license under patent claims covering combinations of semiconductor devices with other devices or elements. In the 
absence of an express written agreement to the contrary, General] Electric Company assumes no liability for patent infringement 
arising out of any use of the semiconductor devices with other devices or elements by any purchaser of semiconductor devices 
or by others. 
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Reverse Blocking 


Triode Thyristor 


(SCR) 
8A RMS Up to 600 Volts 


The C116 is a molded silicon plastic SCR which incorporates General Electric’s new 
POWER-GLAS glassivation process. This process provides for an intimate void-free bond 
between the silicon chip and the glass coating significantly improving performance and 
reliability. 


yy, 


FEATURES: VA 
JEDEC TO-202 


e Glassivated silicon chip for maximum reliability in AC or DC circuitry. 
e Special selections for non-standard gate requirements available upon request. 


¢ Designed for a variety of mount-down methods. 


TYPICAL SCR APPLICATIONS 


Temperature Relay & Power Capacitor Discharge 
Application Control Control Solenoid Driver Regulator Circuit 
4 
xX 


Lo 
focal ee SaaS 
ena 
ne 
<= 
a 
[Ciuiches/Brakes 
[industial Fines 


fe 
es 
J 
a ae 
od 
eT 
ee) 
Ee eee 


xX 
X 


| x 
Internal Combustion 
Engine Ignitions 
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MAXIMUM ALLOWABLE RATINGS 


NON-REPETITIVE PEAK 
REVERSE VOLTAGE, 


REPETITIVE PEAK 
REVERSE VOLTAGE, 


REPETITIVE PEAK OFF-STATE 


C116 


TYPE 
pre fore Met To = 40°C to +110°C To = -40°C to +110°C 


RMS On-State Current, (pms)... ne eee 8 Amperes (all conduction angles) 
Average On-State Current, (av)... es Depends on conduction angle (See Charts 3 and 4) 
Critical Rate-of-Rise of On-State Current, di/dt: (4) 

Gate Triggered Operation... 2... ce ne en ee eee ee eee (See Chart 10) 
Switching from 200 volts .. 6... ee eee 100 Amperes Per Microsecond 
Switching from 400 volts «1.6... ee ee ee ee eee 65 Amperes Per Microsecond 
Switching from 600 volts 2... ee eee eee 30 Amperes Per Microsecond 

Peak One Cycle Surge (non-rep) On-State Current, Ipgy 50 HZ --- 1-1 eee ee ee ees 82 Amperes 

Peak One Cycle Surge (non-rep) On-State Current, Ipgy 60 Hz... eee ee ee ee eee 90 Amperes 

I’t (for fusing), for times at 8.3 milliseconds ..........-. Se Cha iae ree 34 Ampere? Seconds 

It (for fusing), for times at 1.5 milliseconds ............- See i ao ad aia 27 Ampere? Seconds 

Peak Gate Power Dissipation, Pay - +--+ ese ee ee eee eee 5 Watts for 10 microseconds (See Chart 6) 

Average Gate Power Dissipation, Pg(av) - +. ee ee nee et eee eens 0.5 Watts 

Peak Positive Gate Current, Igy... 0. ce ee eee eee eee ee eee ee eee eene (See Chart 6) 

Peak Positive Gate Voltage, VgM i... ee ee ee ee eee eee eee eee (See Chart 6) 

Peak Negative Gate Voltage, Vom ...--. eee te ee ee eee eee ee ees 5 Volts 

Storage: Temperatures Toya, syscc feeds 255 ae hp eee eh aha ace eh Ble ele, eee -40°C to +125°C 

Operating Temperature; Ty, 2:0 see acta eels eo SU a eo ee EN Ree eo ae -40°C to +110°C 

NOTES: 


(1) Values apply for zero or negative gate voltage only. 

(2) Half sine wave voltage pulse, 10 millisecond duration. 

(3) During performance of the off-state and reverse blocking tests, the thyristor should not be tested with a constant source which 
would permit applied voltage to exceed the device rating. 

(4) di/dt rating is established in accordance with JEDEC Standard P.S.397 Section 5.2.2.6. Off-state (blocking) voltage capability 
may be temporarily lost immediately after each current pulse for duration less than the period of the applied pulse repetition 
tate. The pulse repetition rate for this test is 60 Hz. The duration of the JEDEC di/dt test condition is 5.0 seconds (minimum). 
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CHARACTERISTICS 


Peak Off-State or 
Reverse Current (1) 


To =+ 25°C, Ipy = 16A peak. 
1 Millisecond wide pulse, Duty cycle < 2%. 
Critical Rate-of-Rise 
of Off-State Voltage 
(Higher values may 
cause device 
switching) 


Circuit Commutated 
Turn-Off Time 


Tc = +110°C, Ipy = 10 A peak. Rectangular 
current pulse, 40 usec duration. Commutation 
rate = SA/usec. Peak reverse voltage = Rated 
volts max. Reverse voltage at end of turn-off 
time interval 12 volts min. Repetition rate = 

60 pps. Rate-of-Rise reapplied off-stage voltage 
(dv/dt) = 10V/usec. Off-State voltage = Rated V 
Gate bias during turn-off time interval = 0 volts, 
100 ohms. 


oo 
pe 


D.C. Gate Trigger Ior 
Current 


>; Vp =6 Vde; Ry =91 ohms. 
; Vp =6 Vde; Ry =45 ohms. 
; Vp =6 Vdc; Ry =91 ohms. 
Vp =6 Vde; Ry, = 45 ohms. 
=+110°C; Vp =6 Vdc; R, = 1000 ohms. 


D.C. Gate Trigger 
Voltage 


Holding Current Anode source voltage = 24 Vdc, Peak initiating 
On-State current = 0.5A, 0.1 msec to 10 msec 


wide pulse. Gate trigger source = 7V, 20 ohms. 


Latching Current Main Terminal Source Voltage = 24 Vdc, Gate 
trigger source = 15V, 100 ohms, 50 usec rise and 


fall times max. 


Steady-State (2) 
Thermal Resistance 


_ 


ed 
a 
cs 
a 
ne 
Ea 
i 


NOTES: 
(1) Values apply for zero or negative gate voltage only. 
(2) Ty is approximately equal to Tc, see outline drawing. The junction-to-ambient value is under worst case conditions, i.e., with 
#22 copper wire used for electrical contact to the terminals and natural convection. 
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MAXIMUM ALLOWABLE CASE TEMPERATURE —°C 


AVERAGE ON-STATE POWER DISSIPATION— WATTS 


INSTANEOUS ON-STATE CURRENT — AMPERES 
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AVERAGE ON~ STATE CURRENT —AMPERES 


3. Max. Allowable Case Temperature For Half-Wave Rectified 
Sine Wave of Current 
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CONDUCTION 
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|. RESISTIVE OR INDUCTIVE LOAD,50 TO 400hz. 

2.RATINGS DERIVED FOR 0.5 WATTS AVERAGE —— 
GATE POWER DISSIPATION. 

S3.CURVES APPLY FOR RATE OF RISE OF ON-STATE 
CURRENT (di/dt)=|O AMPERES PER MICRO - 

! SECOND MAXIMUM. ! it 


3 4 5 6 7 8 
AVERAGE ON-STATE CURRENT - AMPERES 
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oO 
° 
Nn 


5. Max. Allowable On-State Power Dissipation for Full-Wave 
Sine Wave of Current 
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AVERAGE ON-STATE POWER DISSIPATION —-WATTS 


MAXIMUM ALLOWABLE CASE TEMPERATURE-°C 
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AVERAGE ON-STATE CURRENT - AMPERES 


2. Max. On-State Power Dissipation for Half-Wave 
Rectified Sine Wave of Current 
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NOTES: ] 


2.RATINGS DERIVED FOR O 
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GATE POWER DISSIPATION. 
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AVERAGE ON-STATE CURRENT - AMPERES 


4. Max. Allowable Case Temperature For Full-Wave Rectified 


INSTANTANEOUS GATE VOLTAGE- VOLTS 


Sine Wave of Current 
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RECOMMENDED GaTE CIRCUIT a 


LOAD LINE FOR PULSE TRIGGERING { ee 
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INSTANTANEOUS GATE CURRENT- AMPERES 


6. Gate Trigger Characteristics 
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PEAK HALF SINE WAVE ON-STATE CURRENT(AMPERES) 
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OC. GATE TRIGGER CURRENT 


GATE TRIGGER VOLTAGE (VOLTSI 
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7. Max. DC Gate Voltage to Trigger vs. Case Temperature 
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GATE TRIGGER CURRENT (MILLIAMPERES) 
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Types 1 and 3 


MOUNTING METHODS 


The C116, because of its unique package design, is capable of being mounted in a variety of methods; 
depending upon the heatsink requirements and the circuit packaging methods. 

The leads will bend easily, either perpendicular to the flat or to any angle, and may also be bent, if 
desired, immediately next to the plastic case. For sharp angle bends (90° or larger), a lead should be bent 
only once; since repeated bending will fatigue or break the lead. Bending in other directions may be 
performed as long as the lead is held firmly between the case and the bend, so that the strain on the lead is 
not transmitted to the plastic case. 

The mounting tab may also be bent or formed into any convenient shape so long as.it is held firmly 
between the plastic case and the area to be formed or bent. Without this precaution, bending may fracture 
the plastic case and permanently damage the unit. 

As a service to its customers, the General Electric Company provides a lead and tab shaping capability. 
Any of the derived types shown in the following chart are available direct from the factory to original 
equipment manufacturers. 


OUTLINE DRAWINGS 


STANDARD TYPE FORMED LEAD TYPES 
CLIP TAB P. C. MOUNT TO-5 hee CLIP TAB TO-5 


t.005 


-080 
080 
(INSIDE) (INSIDE) 


TAS ELECTRICALLY 
COMMON TO ANODE 


TYPE 1 TYPE 11 TYPE 12 TYPE 21 
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S8ARMS Up to 600 Voits 


The C122 is a molded silicon plastic SCR which incorporates General Electric’s new POWER- 
GLAS glassivation process. This process provides for an intimate void-free bond between the 
silicon chip and the glass coating significantly improving performance and reliability. 

FEATURES: 


@ Glassivated silicon chip for maximum reliability in AC or DC circuitry 
No maximum torque limit on mounting screw 


e@ Round leads — greatly simplifies customer assembly 


Six standard lead forming configurations available from factory (including TO-66 


JEDEC TO-220AB 
compatibility) 


@ Special selections for non-standard gate requirements available upon request 


TYPICAL SCR APPLICATIONS 


GENERAL FUNCTIONS 


Capacitor Discharge 
Circuit 


Process Control Equipment | XL XT ace ee ee 
Reproduction Equipment 


Blender, Mixers 
Hand Tools 
Machine Tools/Misc, Mfg. 

! 


Battery phates 
Gas & Oil Ignitors 


Internal Combustion 
Engine [gnitions 
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MAXIMUM ALLOWABLE RATINGS 


Repetitive Peak Off-State Repetitive Peak Non-Repetitive Peak 
Voltage, VpRm(3) Reverse Voltage, Reverse Voltage, 
Vearm(ti(3) Vago(1)(2)- - 
Type Te = -40°C to +100°C Tc = -40°C to +100°C Tc = -40°C to +100°C 


C122M 600 Volts 600 Volts 700 Volts 


Peak positive anode voltage (Tp =-40°C to+100°C) oe ee ec eee te eee eee eee eeneeeeees 560 Volts 
RMS On-State Current, IT(RMS) . 6 ee ee ee ee eee eee eee een ne eens 8 Amperes (all conduction angles) 
Average On-State Current, IT(AV) BG Rita a) uc geo Sie io OO A wine 6 OE So ES ee ye ecg ght psd ep eM Depends on conduction angle (See Charts 3 and 4) 
Critical Rate-Of-Rise of On-State Current, di/dt: (4) 
Gate triggered operation... ce ee ee ee tt ee es Gabel teh, et “ot ced a dents Jet srcty Beige wake fl (see Chart 10) 
Switching from 200 volts... .......... cee awe ie ete Wi GS Serio nas daalie 104 Me ge eocdulynceetetters « «++... LOO Amperes per microsecond 
Switching from 500 volts... . 0... ..... 000 neces te ee ee ee ee ewe wee ee ee es 50 Amperes per microsecond 


Peak One Cycle Surge (non-rep) On-State Current, IT gy 50 Hz Stas aby a SWE weal au sey so-ee piges Abel ogee WoL eaL ok Waleed oe cy.ud vend “eo. ed We te. 02> AMM PETeS! 
GOSHZ. gee were ca isl 6 liella Bg PG eae, Eee Gerd Cla Se ee ees eee 6 OO Amperes 


12t (for fusing), for times at 8.3 milliseconds ........ eg ein dearles iid eben Daher atest 34 Ampere? seconds 

1.5 milliseconds ..... Spa seve: ate leueed Hts {see Chart 12} Sigh st sg aeie Wael beet Oe tn el ae 27 Ampere2 seconds 
Peak Gate Power Dissipation, PG ee re ee ee te were newer eres ceeeeene 5 Watts for 10 microseconds (see Chart 6) 
Average Gate Power Dissipation, PG(ay) bane e ae tei Fa a, piel: ae SF ab ee ee el ee elcey at iat pao. dep dice ene br aye eee ele ese eesrae-a OLS Watts 
Peak Positive Gate CurrentIgy....... Si Take acta BO eons es erase Scanian g aes dices a Seen eevee reer ere vaca e see Chart 6 
Peak Positive Gate Voltage, VGM....... eee ae ar era ar eee eer ee hide au 6th ignde's es ah ch iOualab bv orca iol eal ee eid we ... see Chart 6 
Peak Negative Gate Voltage, NGM. 20h Riche eee ste ease Sta ee ee Hoe thee WOR cb I SEE BN OE ig RE SA a 8 5 Volts 
Storage Temperature, sty sin diane Wile Shee WAS! pedo e Wie oe BA gue de alae a Wale ere Yon Diane He calee Se belo PeSaah-4 ax eg le eee -40°C to +125°C 
Operating Temperature, Ty 2... ee ee ee ee ee ees ee ae eee ee ENR dk ee. ee AR ee -40°C to +100°C 
NOTES: 


1. Values apply for zero or negative gate voltage only. 

2. Half sire wave voltage pulse, 10 millisecond duration. 

3. During performance of the off-state and reverse blocking tests, the thyristor should not be tested with a constant source which would 
permit applied voltage to exceed the device rating. 

4. di/dt rating is established in accordance with JEDEC Suggested Standard No. 7, Section 5.1.2.4, Off-state (blocking) voltage capability 
may be temporarily lost immediately after each current pulse for duration fess than the period of the applied pulse repetition rate. The 
pulse repetition rate for this test is 400 Hz, The duration of the JEDEC di/dt test condition is 5.0 seconds (minimum). 
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Peak Off-state or OopM=Veprpm= Max, allowable volts peak 
Reverse Current (1) ene 
ippy | | To=+100°C 


M = 16A peak, 
ide e.D 


CHARACTERISTICS 


Critical Rate of Rise of Tc = +100°C, Rated Vopr 


Off-State Voltage (High- 
er values may cause 

fate ice A, i a i a £ 

Circuit Commutated 
Turn-Off Time 


Gate Open Circuited, Linear Waveform 


Ty = +100°C, Ipy = 10 A peak. Rectangular 
current pulse, 40 psec duration. Commutation 


tate = -5A/usec, Peak reverse voltage = Rated 
volts max. Reverse voltage at end of turn-off 
time interval 12 volts min, Repetition rate = 
60 pps. Rate of rise of re-applied off-stage 
voltage (dv/dt) = 10 V/usec, Off-state voltage = 
Rated V, Gate bias during turn-off time 


D.C, Gate Trigger 
Current 


D.C. Gate Trigger 
Voltage 


Te = +100°C 
Rated VpRM 
Ry = 1000 ohms 

Holding Current Anode source voltage = 24 Vdc, Peak initiating 
on-state current = 0.5 A, 0.1 msec to 10 msec 
wide pulse. Gate trigger source = 7V, 20 ohms 


Latching Current Main Terminal Source Voltage = 24 Vdc, Gate 
trigger source = 15V, 100 ohms, 50 psec rise 


Steady-State (2) 
Thermal Resistance 


Junction to Case 
Junction to Ambient 


NOTES: 
1, Values apply for zero or negative gate voltage only. 
2. TL is approximately equal to To, see outline drawing. The junction to ambient value is under worst case conditions, i.e., with 
2 copper wire used for electrical contact to the terminals and natural convection. 
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MAXIMUM ALLOWABLE CASE TEMPERATURE-°C 


INSTANTANEOUS ON-STATE CURRENT (AMPERES) 
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CONDUCTION 
ANGLE #30° 
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2. RATINGS DERIVED FOR 0.5 WATTS 
AVERAGE GATE POWER DISSIPATION. 
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MAXIMUM ALLOWABLE CASE TEMPERATURE -°C 


4 S$ 6 7 8 
AVERAGE ON-STATE CURRENT ( AMPERES) 


5. Max. Allowable On-State Power 
Dissipation for Full-Wave 
Sine Wave of Current 
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Trigger vs. Case Temperature 


ES: 

FREQUENCY = 400H2 MAXIMUM 
2. CASE TEMPERATURE © ~ 40°C TO +100°C 
3. REQUIRED GATE ORIVE : 10 VOLTS, 20 OHM SOURCE , 10 

MICROSECOND PULSE WIDTH MINIMUM,0.2 MICROSECONI 
RISE TIME MAXIMUM. 
4. INSTANTANEOUS VALUE OF ON-STATE CURRENT MUST | | 
NEVER EXCEED TURN-ON CURRENT LIMIT LINES 
SHOWN. a 


5. di/dt RATING IS ESTABLISHED IN ACCORDANCE WITH 
JEOEC SUGGESTED STANDARD NO.7,SECTION §.1.2.4. 4 
OFF -STATE (BLOCKING) VOLTAGE CAPABILITY MAY BE 
TEMPORARILY LOST AFTER EACH CURRENT PULSE 
FOR DURATIONS LESS THAN THE PERIOD OF THE LW 
APPLIED PULSE REPETITION RATE. THE PULSE 
REPETITION RATE FOR THIS TEST tS 400Nz. THE 
DURATION OF THE JEDEC di/dt TEST CONDITION (S q 
5.0 SEC MIN. 1 
Litiit oe 

Ol Lo 10 100 


TIME FROM START OF CURRENT FLOW (MICROSECONDS } 


{1 


Te: 


MAXIMUM ALLOWABLE PEAK 
ON-STATE CURRENT (AMPERES) 


10. Turn-On Current Limit 
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PEAK HALF SINE WAVE ON-STATE CURRENT(AMPERES) 


TRANSIENT THERMAL IMPEDANCE —(°C/WATTS) 


90 | 


BO 


Tof- - 


60 


NOTES 
f | JUNCTION TEMPERATURE IMMEDIATELY 
H PRIOR TO SURGE = ~40°C TO +100 °C 
| 2 GATE CONTROL MAY BE LOST OURING ANO 
: (IMMEDIATELY FOLLOWING THE SURGE 


30 CURRENT INTERVAL asad = a ae Cas 
| 3 CURRENT OVERLOAD MAY NOT BE REPEATED : | ! 
UNTIL JUNCTION TEMPERATURE HAS j 
RETURNED TO WITHIN STEADY-STATE | 
RATED VALUE, ! j I 
le Ses +: —— 
i : ' i 
| | | ! 
rod 
: Sak Guy ilege Zin ditetie ton al a 
f 2 4 6 a 10 20 40 60 80 100 
CYCLES (@ GOHz) 
11. Max. Allowable Surge Current 
Following Rated Load Conditions 
2.0 r 
18 + 
i 
6 
14 


NOTES 
| CURVE DEFINES TEMPERATURE RISE OF JUNCTION 


ABOVE CASE FOR SINGLE LOAD PULSE OF DURATION() 
PEAK ALLOWABLE POWER DISSIPATION IN THYRISTOR 
FOR TIME (1) STARTING FROM CASE TEMPERATURE 
EQUALS 100°C (MAX T) MINUS CASE TEMPERATURE 
DIVIDED BY THE TRANSIENT THERMAL IMPEDANCE: 
100°C 7, 
PpEAK»>———& 
@uc(t) 

FOR OPTIMUM RATINGS AND FURTHER INFORMATION, 
SEE PUBLICATION 200.9 ENTITLED, "POWER SEMI- 
CONDUCTOR RATINGS UNDER TRANSIENT ANO 
INTERMITTENT LOADS” 


he 
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TIME (1) ~ (SECONDS) 


O41 04 40 10.0 


13. Max. Transient Thermal 
Impedance, Junction to Case 
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NOTES: ia 80) 
| CURVES APPLY FOR HALF SINE 40) 
WAVE CURRENT WAVEFORM. 
2, THIS OVERLOAD MAY BE APPLIED -—-} 60] af 
FOLLOWING DEVICE OPERATION AT 
ANY VOLTAGE OR CURRENT WITHIN 50 
(TS STEADY-STATE RATING LIMITS. 
3, THE OVERLOAD MAY NOT BE REPEATED 
UNTIL DEVICE JUNCTION TEMPERATURE 40h + 
HAS COOLEO DOWN TO WITHIN B 
STEADY STATE RATED VALUE 3 
4. NO BLOCKING VOLTAGE RATING IS § 30 
IMPLIED DURING OR IMMEDIATELY a 
FOLLOWING THE OVERLOAD CURRENT = ha, 
INTERVAL. How 
5. JUNCTION TEMPERATURE IMMEDIATELY ind | | 
PRIOR TO OVERLOAD « -40°C TO +100°C. = 20 
§ 
y lo al 
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DC HOLOING CURRENT (MILLIAMPERES) 


PULSE WIDTH ( m-SEC) 


12. Sub-cycle Surge and 12t Rating 
Following Rated Load Conditions 
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PEAK INITATING ON-STATE CURRENT 
EQUALS 0.5 AMPERES 


30 


| 
10 


20 
=40 


-30 -20 = 10 ° 20 


CASE TEMPERATURE, T, , (°C) 


14. Max. DC Holding Current 
vs. Case Temperature 
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FLAT MOUNTING CENTER LEAD CUT 
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TO-66 EQUIVALENT 
(NON-ISOLATED DEVICES ONLY) 


watigje 


d 1 
TY , 
CENTER LEAD 


CUT-OFF 
TYPE 2 


- CENTER LEAD 
Cut» OFF 


TYPE 4 


FLAT MOUNTING 
RADIATOR HEATSINK 


TYPICAL CIRCUIT 


This circuit uses the counter EMF of the motor armature due to residual field 
as a feedback signal of motor speed to maintain essentially constant speed 
characteristics with varying torque requirements, There will be some variation 
in the effectiveness of speed contro] from one motor to another depending on 
the magnitude of the residual field for the particular motor. 


During the positive half cycle of the supply voltage, a reference voltage is 
established on the arm of the potentiometer Ry} which is compared with the 
counter EMF of the motor through the gate of the SCR. When the “pot” voltage 
rises above the counter EMF, current flows through CRy into the gate of the 
SCR, and thus applying the remainder of that half cycle of supply voltage to the 
motor, If load is applied to the motor, its speed tends to decrease, thus decreasing 
counter EMF in proportion to speed. The “pot” reference voltage thus causes 
WF cusrent to flow into the SCR gate earlier in the cycle. The SCR triggers earlier 
in the cycle, and additional voltage is applied to the armature to compensate for 
the increased load and to maintain the preset speed. The particular speed at which 
the motor operates can be selected by Ry. Stable operation is possible over 

MOTOR approximately a 10 to 1 speed range. Stability at very low speeds can be 
NAMEPLATE) improved by reducing the value of Cy at the expense of feedback gain. 


(502 
(OPTIONAL) 


GE AISB 


lov 
(OPTIONAL) 


UNIVERSAL 


OTHER APPLICATION NOTES OF INTEREST 


Publication 

Number Application Notes 

200.31 Phase Control of SCR’s With Transformer and Other 
Inductive AC Loads 

200.33 Regulated Battery Charges Using the Silicon Controlled 
Rectifier 

200.43 Solid State Control for DC Motors Provides Variable 
Speed With Synchronous — Motor Performance 

200.44 Speed Control for Shunt-Wound Motors 

200.47 Speed Control for Universal Motors 

200.48 Flashers, Ring Counters and Chasers 

200.55 Thermal Mounting Considerations for Plastic 
Power Semiconductor Packages 

201.1 A Plug-In Speed Control for Standard Portable 
Tools and Appliances 

201.13 Universal Motor Control With Built-in Self-Timer 
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ISOLATED TAB [ci2z3 | 


8A RMS _ Up to 600 Volts 


The C123 is a molded silicon plastic SCR which incorporates General 
Electric’s new POWER-GLAS glassivation process. This process provides 
for an intimate void-free bond between the silicon chip and the glass 
coating significantly improving performance and reliability. 


FEATURES: 
@ Glassivated silicon chip for maximum reliability in AC or DC circuitry 
e Round leads — greatly simplifies customer assembly 


e@ Four standard lead forming configurations available from factory 
(including TO-66 compatibility) 


@ Special selections for non-standard gate requirements available JEDEC TO-220AB 
upon request 


TYPICAL SCR APPLICATIONS 


GENERAL FUNCTIONS 
Application Motor Temperature Relay & Power Capacitor Discharge 
Control Control Solenoid Driver — Circuit 
Process Control! Equipment 
Reproduction Equipment 


pe 
aaa 


Industrial Timers 


Vending Machines Pan 
Battery Chargers fo ee 
[Business Machines ———<dit SC‘ SSCS” 


Gas & Oil Ignitors 


Internal Combustion 
Engine Ignitions and 
Magneto Regulators 


C123 


MAXIMUM ALLOWABLE RATINGS 


Repetitive Peak Off-State 
Voltage, Vp Rm (3) 


Non-Repetitive Peak 
Reverse Voltage, 
Vasm(t)(2) 
Tc = -40°C to +100°C 


Repetitive Peak 

Reverse Voltage, 
Vrro(i)(3) 

Tc = -40°C to +100°C 


Tc = -40°C to +100°C 


C123M 


Peak positive anode voltage (T, = -40°C to +100°C) 
RMS On-State Current, IT(RMS) - - Oyen ise 4S 
Average On-State Current, IT(AV) - 2 eee pe 

Critical Rate-Of-Rise of On-State Current, di/dt: (4) 

Gate triggered operation 
Switching from 200 volts 
Switching from 500 volts 


rt (for fusing), for times at 8.3 milliseconds. . 

1.5 milliseconds . 
Peak Gate Power Dissipation, PGM.... . Syel hs oe 
Average Gate Power Dissipation, PGCAV) ce So ee ques ees 


Peak Positive Gate Current Igm . 
Peak Positive Gate Voltage, VGm 
Peak Negative Gate Voltage, VgmM . . 
Storage Temperature, Tyty . . . 
Operating Temperature, Ty 

Isolation Withstand Voltage (5) 


NOTES: 


1. Values apply for zero or negative gate voltage only. 
2. Half sine wave voltage pulse, 10 millisecond duration. 


C123D 400 Volts 
C123E 500 Volts 


600 Volts 


Peak One Cycle Surge (non-rep) On-State Current, Igy 50Hz. . . 
60Hz... 


600 Volts 700 Volts 


7S Volts 
200 Volts 


Oris, aectehae 560 Volts 
8 Amperes (all conduction angles) 


Depends on conduction angle (See Charts 1 and 2) 


a a a SS SP eS PR (see Chart 11) 


- 100 Amperes per microsecond 
50 Amperes per microsecond 

. . 82 Amperes 

. 90 Amperes 

33.7 Ampere” seconds 

27 Ampere” seconds 


. 5 Watts for 10 microseconds (see Chart 6) 


. 0.5 Watts 
see Chart 6 
see Chart 6 


Peds! ches pod Ae Ge aoe: ea ar es so OE Melts 
ce ee ee ee ee 40°C to +125°C 


-40°C to +100°C 
. 1800 Volts Peak 


3. During performance of the off-state and reverse blocking tests, the thyristor should not be tested with a constant source which would 


permit applied voltage to exceed the device rating. 


4. di/dt rating is established in accordance with ELA-NEMA Standard RS-397, Section 5.2.2.6. Off-state (blocking) voltage capability may 


be temporarily lost immeaiately after each current pulse for duration less than the 


pulse repetition rate for this test is 60 p/s. 


period of the applied pulse repetition rate. The 


5. Isolation Withstand Voltage rating is established in accordance with Mil-Std-202, Method 301 for D.C. and sinusoidal waveforms to 


60 Hz. 


*It should be recognized that the General Electric C123 is a developmental device and that the ratings and characteristics listed in this 
specification are typical of the device at the time this specification is issued. 


756 


CHARACTERISTICS 


ma 
Te = +25 C 

Volts Te = +25°C, ITM = 16A peak < 

1 Millisecond wide pulse, Duty cycle > 2% 


Te = +100°C, Rated VpRM 
Gate Open Circuited, Linear Waveform 


Peak Off-state or 
Reverse Current (1) 


Oo 
na 


ao 
ga 
= 

= 


Critical Rate of Rise of 
Off-State Voltage (High- 
er values may cause 

device switching) 


Qo 


P|} | 4 ae 
N | om 
ae ~ 

a 


Volts/psec 


7 | 
[ 
“ el 


olding Current 


Steady-State (2) 
Thermal Resistance 


Circuit Commutated 
Turn-Off Time 


To = +100°C, IpM = 10 A peak. Rectangular 
current pulse, 40 sec duration. Commutation 
rate = -5 A/psec. Peak reverse voltage = Rated 
volts max. Reverse voltage at end of turn-off 
time interval 12 volts min. Repetition rate = 
60 pps. Rate of rise of re-applied off-state 
voltage (dv/dt) = 10 V/psec. Off-state voltage = 
Rated V. Gate bias during turn-off time 
interval = 0 volts, 100 ohms. 
Te = +25°C 
Vp = 6 Vdc 
Ry] = 91 ohms 
mAdc To = 40°C 
Vp = 6 Vdc 
Ry = 45 ohms 


To = 425°C 
Vp = 6 Vde 
Ry = 91 ohms 


Te = -40°C 
Vdc Vp = 6 Vde 
Ry = 45 ohms 
Te = +100°C 
Rated VDRM 
Ry = 1000 ohms 


Anode source voltage = 24 Vdc, Peak initiating | 
on-state current = 0.5 A, 0.1 msec to 10 msec 
wide pulse. Gate trigger source = 7V, 20 ohms 


mAdc Main Terminal Source Voltage = 
trigger source = 15V, 100 ohms, 50 bsec 
and fall times max. 
To = 425°C 
T.=-40°C 


bUsec 


D.C. Gate Trigger 
Current 


i) 


ate lrigger 


D.C, 
Voltage 


mAdc 


ts 
iw 
oO 


Junction to Case 
Junction to Ambient 


= @ Se eS 
o o o tl 


~ 
wm 


NOTES: 
1. Values apply for zero or negative gate voltage only. 


2. TL is approximately equal to Tc, see outline drawing. The junction to ambient value is under worst case conditions, i.e., with 
2 copper wire used for electrical contact to the terminals and natural convection. 
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100 - “ 
° NOTES: 
" [—7- |. RESISTIVE OR INDUCTIVE LOAD, 50 TO 
7 400 Hz. | 
> 90 +- 2. RATINGS DERIVED FOR 0.5 WATTS AVERAGE 
& GATE POWER DISSIPATION. 
« 3. CURVES APPLY FOR RATE OF RISE OF ON- 
Ww 
a STATE CURRENT (di/dt)=10 AMPERS PER | 
= 80 MICROSECOND MAXIMUM. 
a 
wy + 
3 sia i 
uw 7° +~ oy a0° 
Zz L I CONDUCTION 
g | af I ANGLE +| 
4 60} +H i—r 
a CONDUCTION | 
= | ANGLE= 30° 60°|| 90°] 120°] 180° ,—]— oc 
2 sop +t I - + ] 4 
td 
4 
= + t ie 

4oL_L. JJ a 

° | 2 3 4 5 6 7 8 9 10 


AVERAGE ON-STATE CURRENT (AMPERES) 


1. Max. Allowable Case Temperature for 
Half-Wave Rectified Sine Wave of Current 


Lt 


NOTES: 


AVERAGE ON-STATE 
POWER DISSIPATION (WATTS) 


CONDUCTION 
ANGLE = 30° 


1, RESISTIVE OR INDUCTIVE LOAD, 4 
50 TO 400 Hz. 

2. RATINGS DERIVED FOR 0.5 WATTS 

AVERAGE GATE POWER 

DISSIPATION. 


3. CURVES APPLY FOR RATE OF 
ene ore |__| RISE OF ON-STATE CURRENT 
{di/dt)=10 AMPERES PER MICRO- 
= SECOND MAXIMUM = 
° 1 (ea gees Cael CE pees VOLE dF PE 
) I 2 3 4 5 6 7 8 9 10 


AVERAGE ON-STATE CURRENT (AMPERES) 


3. Max. On-State Power Dissipation for 
Half-Wave Rectified Sine Wave of Current 


200 


lore) 


Tut MSEC WIDE PULSE, 


INSTANTANEOUS ON-STATE CURRENT (AMPERES) 


S-— DUTY CYCLES 2%. | 
+ 
+ 
I —L 
° I 2 3 4 5 


INSTANEOUS ON-STATE VOLTAGE (VOLTS) 


5. Max. On-State Voltage 
vs. On-State Current 


AVERAGE ON-STATE 
POWER DISSIPATION (WATTS) 
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MAXIMUM ALLOWABLE CASE TEMPERATURE-°C. 


100 


a @ ro) 


a 


INSTANTANEOUS GATE VOLTAGE- VOLTS 


70 


60 


Tok th I Po 


CONDUCTION CONDUCTION 
ANGLE + I* ANGLE + 


ONE CYCLE OF SUPPLY FREQUENCY +| 


NOTES: 
t, RESISTIVE OR INDUCTIVE LOAD, 


50 TO 400Hz, 
2. RATINGS DERIVED FOR 0.5 WATTS 


AVERAGE GATE POWER 
DISSIPATION, 


3. CURVES APPLY FOR RATE OF 
RISE OF ON-STATE CURRENT 
(di/dt} = |O AMPERES PER MICRO- 
SECOND MAXIMUM, 


CONDUCTION 


ANGLE = 60° FI (20° 180° 240° 360° 


H+ 


ey 


| 2 3 4 5 6 7 8 9 10 
AVERAGE ON-STATE CURRENT (AMPERES) 


2. Max. Allowable Case Temperature for 
Full-Wave Rectified Sine Wave of Current 


I* ONE CYCLE OF SUPPLY FREQUENCY: 


T T 


ae [congucrin 
I* ANGLE #| I+ ANGLE 


|, RESISTIVE OR INDUCTIVE LOAD, 
50 TO 400Hz. 


a i 
CONDUCTION 
ANGLE = 60° 


2. RATINGS DERIVED FOR 0.5 WATTS _| 
AVERAGE GATE POWER 


DISSIPATION. 

3. CURVES APPLY FOR RATE OF 
RISE OF ON-STATE CURRENT 
(di/dt)=!0 AMPERES PER MICRO- 


SECOND MAXIMUM. 


os Een Pe Roce Ee 


3 4 5 6 7 8 9 10 
AVERAGE ON-STATE CURRENT (AMPERES) 


4. Max. On-State Power Dissipation for 
Full-Wave Rectified Sine Wave of Current 


|_| | 


os 


MAXIMUM ALLOWABLE 
INSTANTANEOUS GATE 
POWER DISSIPATION 

S WATTS 


NOTE: 
SHADED AREA REPRESENTS LOCUS OF 
ALL POSSIBLE DC (220 MiCROSECONDS) 
GUARANTEED THIGGERING POINTS FROM 


X a { | 
a ne 
WER 
LS SY 
—— + - = 
as 
RECOMMENDED GATE CIRCUIT ~~ 
LOAD LINE FOR PULSE TRIGGERING + — 


5 i 1S 25 30 
INSTANTANEOUS GATE CURRENT- AMPERES 


6. Gate Trigger Characteristics 


DC GATE TRIGGER CURRENT 
(MILLIAMPERE S) 


77) 
rd & 2.0 
ao a 
S Sis 
< 2 I: ape 
7 re] 
=| oO 
= < 16p 
3 
w > 1.4-—- 
rf NOTES: 
°o 3 1.2 1. ANODE VOLTAGE =6VDC 
wo = 2. LOAD RESISTOR = 
ui i 91 OHMS AT 25°C 
o |. ANODE VOLTAGE=6VDC 1.0 45 OHMS AT -40°C. 
= 2. LOAD RESISTOR= ie 
FE 91 OHMS AT 25°C, Sos 
Ww 45 OHMS AT -40°C. : 
= 
o O 0.6 
-40 -30 -20 -lO 0O 10 20 30 40 50 -40 -30 -20 -lIO O 10 20 30 40 50 60 
CASE TEMPERATURE -Tg (°C) CASE TEMPERATURE -T, (°C) 
7. Max. DC Gate Current to Trigger 8. Max. DC Gate Voltage to Trigger 
vs. Case Temperature vs. Case Temperature 
7O 


NOTES: 
|. RECTANGULAR GATE CURRENT 
PULSE APPLIED. 
2. RISE AND FALL EQUAL TO OR 
LESS THAN 10% OF GATE 


S 
a 
a 
= 
= 
PULSE WIDTH. a 
. ANODE VOLTAGE = 6 VDC. = 
. LOAD RESISTOR = 91 OHMS AT 5 
25°C, 45 OHMS AT -40°C. wu 
2 
i“) 
Zz 
5 
2 
e) NOTE. PEAK INITATING ON-STATE 
cd = CURRENT EQUALS 0.5 = =e ie 
AMPERES. 
(@) 20 a +__| 
. 2 2 6 8 Ig l2 4 I6 Is 20 a 7 sees fenebaauReS (°C) . Bs > 
GATE PULSE WIDTH (MICROSECONDS) . 
9. Max. DC Gate Current to Trigger 10. Max DC Holding Current vs. 
vs. Gate Pulse Width Case Temperature 
200 
150 
ES 
{, FREQUENCY = 400 Hz MAXIMUM. 
100 . CASE TEMPERATURE =-40°C TO +I00°C, 


. REQUIRED GATE DRIVE =10 VOLTS, 20 ONM SOURCE , 10 “| 
MICROSECOND PULSE WIDTH MINIMUM, 0.2 MICROSECOND 
RISE TIME MAXIMUM. 

. INSTANTANEOUS VALUE OF ON-STATE CURRENT MUST 
NEVER EXCEED TURN-ON CURRENT LIMIT LINES 

SHOWN. 

. di/dt RATING IS ESTABLISHED IN ACCORDANCE WITH 
JEDEC SUGGESTED STANDARD NO.7 SECTION 5124 4 
OFF-STATE (BLOCKING) VOLTAGE CAPABILITY MAY BE 
TEMPORARILY LOST AFTER EACH CURRENT PULSE 

FOR DURATIONS LESS THAN THE PERIOD OF THE 7 
APPLIED PULSE REPETITION RATE. THE PULSE 
REPETITION RATE FOR THIS TEST !S 400Hz. THE 
OURATION OF THE JEDEC di/dt TEST CONDITION IS 

50 SEC. MIN. 


| | | tt | 

L L | | | | 

Ol 1.0 10 100 
TIME FROM START OF CURRENT FLOW (MICROSECONDS) 


20 


MAXIMUM ALLOWABLE PEAK 
ON-STATE CURRENT (AMPERES) 


a 


3 


11. Turn-On Current Limit 
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TRANSIENT THERMAL IMPEDANCE -°C/WATTS 


Al 
TCURVE OEFINES TEMPERATURE RISE OF 
JUNCTION ABOVE CASE FOR SINGLE 


LOAD PULSE OF DURATION (t). PEAK 
ALLOWABLE POWER DISSIPATION IN 
THYRISTOR FOR TIME (t), STARTING 
FROM CASE TEMPERATURE EQUALS 
100°C (MAX T) MINUS CASE TEMPER- 
ATURE DIVIDED BY THE TRANSIENT 
THERMAL IMPEDANCE : 


100°C -T, 
PPEAK=>———& 
OUC(t) 


. FOR OPTIMUM RATINGS AND FURTHER 


INFORMATION, SEE PUBLICATION 200.9 
ENTITLED,"POWER SEMI-CONDUCTOR 
RATINGS UNDER TRANSIENT AND 
INTERMITTENT LOADS.” 


04 4 1.0 4 10 
TIME (t)- SECONDS 


12. Max. Transient Thermal !mpedance, 


300 


200 


100 


60; ! 


{AMPERES) 
oO 
° 
H 
Nn 


20h 


PEAK ON-STATE SUB-CYCLE SURGE CURRENT 


NOTES 


. THIS OVERLOAD MAY BE APPLIED 


. JUNCTION TEMPERATURE IMMEDIATELY | 


CURVES APPLY FOR HALF SINE 4 
WAVE CURRENT WAVEFORM. 


FOLLOWING DEVICE OPERATION AT 

ANY VOLTAGE OR CURRENT WITHIN 

(TS STEADY-STATE RATING LIMITS. 4 
THE OVERLOAD MAY NOT 8E REPEATED 
UNTIL DEVICE JUNCTION TEMPERATURE 
HAS COOLED DOWN TO WITHIN 

STEADY STATE RATED VALUE 

NO BLOCKING VOLTAGE RATING 1S 
IMPLIED DURING OR IMMEDIATELY 
FOLLOWING THE OVERLOAD CURRENT 
INTERVAL . 


PRIOR TO OVERLOAD =-40°C TO +100°C. 


13. Sub-Cycle Surge Following Rated 


3 4 5 6 7 8910 
PULSE WIDTH (mSec) 


Load Conditions 


Junction to Case 
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90 - ea | 
80 4. +——} 
70 —t r 
60 7 4 
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SN 30|- tJ 
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[rt] 
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20 + 
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PULSE WIDTH (mSec) 


14. 12t Rating Following Rated 
Load Conditions 
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FLAT MOUNTING 
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TO -66 EQUIVALENT 
(NON-ISOLATED DEVICES ONLY} 


sic 

3 | 

~t 
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CUT -OFF CUT - OFF 
TYPE 2 TYPE 4 
UPRIGHT MOUNTING FLAT MOUNTING 


RADIATOR HEATSINK 


TYPICAL CIRCUIT 


UNIVERSAL MOTOR CONTROL WITH FEEDBACK 


15S0Q 
17 vac (OPTIONAL) 


GE Al4B 


[er 


wv 
(OPTIONAL) 


UNIVERSA 
(3 AMP NAMEPLATE) 


This circuit uses the counter EMF of the motor armature due to residual field 
as a feedback signal of motor speed to maintain essentially constant speed 
characteristics with varying torque requirements. There will be some variation 
in the effectiveness of speed control from one motor to another depending on 
the magnitude of the residual field for the particular motor. 

During the positive half cycle of the supply voltage, a reference voltage is 
established on the arm of the potentiometer Ry, which is compared with the 
counter EMF of the motor through the gate of the SCR. When the “not” voltage 
rises above the counter EMF, current flows through CR, into the gate of the 
SCR, and thus applying the remainder of that half cycle of supply voltage to the 
motor. If load is applied to the motor, its speed tends to decrease, thus decreasing 
counter EMF in proportion to speed. The “pot” reference voltage thus causes 
current to flow into the SCR gate earlier in the cycle. The SCR triggers earlier 
in the cycle, and additional voltage is applied to the armature to compensate for 
the increased load and to maintain the preset speed. The particular speed at which 
the motor operates can be selected by Ry. Stable operation is possible over 
approximately a 10 to 1 speed range. Stability at very low speeds can be 
improved by reducing the value of C] at the expense of feedback gain. 
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OTHER APPLICATION NOTES OF INTEREST 


Publication 

Number Application Notes 

200.31 Phase Control of SCR’s With Transformer and Other 
Inductive AC Loads 

200.33 Regulated Battery Charges Using the Silicon Controlled 
Rectifier 

200.43 = Solid State Control for DC Motors Provides Variable 
Speed With Synchronous — Motor Performance 

200.44 Speed Control for Shunt-Wound Motors 

200.47 Speed Control for Universal Motors 

200.48 =‘ Flashers, Ring Counters and Chasers 

200.55 Thermal Mounting Considerations for Plastic 
Power Semiconductor Packages 

201.1 A Plug-In Speed Control for Standard Portable 
Tools and Appliances 

201.13 Universal Motor Control With Built-in Self-Timer 
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Reverse Blocking 
Triode Thyristor 
(SCR) 


12ARMS_ Up to600 Volts 


The C126 is a molded silicon plastic SCR which incorporates General Elec- 
tric’s new POWER-GLAS glassivation process. This process provides for an 
intimate void-free bond between the silicon chip and the glass coating sig- 
nificantly improving performance and reliability. 


FEATURES: 


e Glassivated silicon chip for maximum reliability in AC or DC circuitry. 

e Round leads — greatly simplifies customer assembly. 

e Six standard lead forming configurations available from factory (includ- 
ing TO-66 compatibility). 


* Special selections for non-standard gate requirements available upon 
request. JEDEC TO-220AB 


e Excellent surge current capability. 


TYPICAL SCR APPLICATIONS 


GENERAL FUNCTIONS 


APPLICATION RELAY AND CAPACITOR 
TEMPERATURE SOLENOID POWER DISCHARGE 
CONTROL REGULATOR CIRCUIT 


Process Control Equipment 
Reproduction Equipment 


Blender, Mixers 


i 
Hand Tools 
Reed 


Machine Tools/Misc. Mfg. 


Sewing Machines 


Laundry 

Farm Equipment 
Photographic Equipment 
Clutches/Brakes 


Industrial Timers 


Vending Machines 


+ |. 


Battery Chargers 


Business Machines 


Gas & Oil Ignitors 


Internal Combustion Engine I[gnitions 
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MAXIMUM ALLOWABLE RATINGS 


C126 
REPETITIVE PEAK OFF-STATE 
VOLTAGE, Vopr" (3) VOLTAGE, Varnm!1) (3) VERSE VOLTAGE, Vasy\) (2) 


Tc = -40°C to +110°C Tc = -40°C to +110°C Tc = -40°C to +110°C 


REPETITIVE PEAK REVERSE NON-REPETITIVE PEAK RE- 


RMS On-State Current, In¢amsy- 60. e eee e ences 12 Amperes (All Conduction Angles) 
Average On-State Current, Ip(avy.. 6 eee Depends on Conduction Angle (See Charts 3 and 4) 
Critical Rate-of-Rise of On-State Current, di/dt:@ 

Gate Triggered Operation... 2... ce teen bebe beeen nnn eeeees (See Chart 10) 
Switching from 200 Volts... 0... 0... cece eee eee eee eennnas 100 Amperes Per Microsecond 
Switching from 600 Volts... 0.0... eee nee ence eas 50 Amperes Per Microsecond 

Peak One Cycle Surge (Non-Rep) On-State Current, Ipsy 5SOHZ.......00 0000 cece cee e ce eceecus 113 Amperes 
; GOZ? nse d tet wok hed Bara thetautsinh Senay 120 Amperes 
I*t (For Fusing), at 8.3 milliseconds... .....0..20.-0 fo. yg umn ce ccc e nc eeeeaeeuws 60 Ampere? Seconds 

1.0 milliseconds.............. OS te a tee cay ag he 25 Ampere? Seconds 
Peak Gate Power Dissipation, Pgy..... 2.0... 000 cece cece ee eee eaes 5 Watts for 10 Microseconds (See Chart 6) 
Average Gate Power Dissipation, DCAM echighh isch in oii? arene: O's, OO exh lane Cuan yin Gee aaah a ora Set 0.5 Watts 
Peak Positive Gate Current, Igy ..... 00 ccc nee nee eben eee bbbnnene (See Chart 6) 
Peak Positive Gate: Voltage, Vigupeesecera toca cov BAA Y eS ode BSNS Ok eee beats na Lee kas (See Chart 6) 
Peak Negative Gate Voltage, VgmM ..-- 0. ccc cee eee cee eee n en tee nnn necevbnnes 5 Volts 
Storage. Temperature; Uist. jo sews swi we Schram ioe eae erect edb Mode he ewe whe Oe weet oa -40°C to +125°C 
Operating Temperature, Ty 2... ce eee eee nett ee ee nb eennuas 40°C to +110°C 
NOTES: 


1. Values apply for zero or negative gate voltage only. 

2. Half sine wave voltage pulse, 10 millisecond duration. 

3. During performance of the off-state and reverse blocking tests, the thyristor should not be tested with a constant source which would 
permit applied voltage to exceed the device rating. 

4, di/dt rating is established in accordance with JEDEC Standard RS397, Section 5.2.2.6. Off-state (blocking) voltage capability may be 
temporarily lost immediately after each current pulse for duration less than the period of the applied pulse repetition rate. The pulse 
repetition rate for this test is 60 Hz. The number of on-state current pulses is 390, 
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CHARACTERISTICS 


TEST CONDITIONS 


Repetitive Peak Off-State 
and Reverse Current(1) 


To = #25°C, lpm = 24 Amps Peak. 1 Milli- 
second-wide pulse, Duty Cycle < 2% 


Critical Rate-of-Rise abe 
Off-State Voltage. 
(Higher values may 
cause device switching) 


To = +110°C, Ipm = 10 Amps Peak. Rec- 
tangular current pulse, 40 wsec duration. 
Commutation rate = -5A/ysec. Peak reverse 
voltage = Rated volts max. Reverse voltage 
at end of turn-off time interval 12 volts 
min. Repetition rate = 60 pps. Rate-of-rise 
of re-applied off-state voltage (dv/dt) = 10 
Viusec. Off-state voltage = Rated Vprm- 
Gate bias during turn-off time interval = 

0 — 100 ohms. 


D.C. Gate Trigger mAdc = +25°C, Vp = 6 Vdc, Ry = 91 ohms 
D.C. Gate Trigger 1.5 Vde To = +25°C, Vp = 6 Vde, Ry = 91 ohms 
Voltage 70 


Tc = 40°C, Vp = 6 Vde, Ry = 45 ohms 
D.C. Holding Current 


Circuit Commutated 
Turn-Off Time 


To =tl 10°C, Rated Vprm; R, = 1000 ohms 


Vp = 24 Vdc, Peak initiating on-state current 
= 0.5 Amps, 0.1 msec to 10 msec wide pulse. 
Rx = Variable Gate Trigger Source = 7 Volts, 
20 Ohms. 


Latching Current Vp = 24 Vdc, Ry = Variable. 


Gate trigger source = 15 Volts, 100 ohms, 
50 psec rise and fall times max. 


ikea ees 
Sad Sa eel 


NOTES: 


1. Values apply for zero or negative gate voltage only. 
2. Ty is approximately equal to Tc, see outline drawing. 
3. 


bes en eee value is under worse case conditions, ie., with #22 copper wire used for electrical contact to the terminals and natural 
vection, 
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INSTANTANEOUS ON-STATE CURRENT - AMPERES 


MAXIMUM ALLOWABLE CASE TEMPERATURE - C° 


1007 
40}— ; 
10 -- 

-— To =] 4 


40 


{— 


AVERAGE ON-STATE POWER DISSIPATION - WATTS 


NOTE: 
T Tym = | MSEC WIDE PULSE 
iz DUTY CYCLE < 2% 
: {— Si | aD 
es Fi t ae ae 
0.4 — | 
Ss ae es 
0. ——L —L a 
‘6 1.0 1.4 1.8 2.2 26 3.0 3.4 
INSTANTANEOUS ON-STATE VOLTAGE - VOLTS 
1. MAXIMUM ON-STATE VOLTAGE VS. 
ON-STATE CURRENT 
0 ° 
Le) 
’ 
100 a! 
at 
& 
90} F 
a. 
= 
80 aa re 
120° w 
L_ CONDUCTION < 
i ANGLE —* 30° T 3 
NOTES: 4 
60} —+— ——+—-,_—_s. RESISTIVE OR INDUCTIVE 2 
LOAD, 50 TO 400 Hz. 3 
fe} 
5 L___] 2. CURVES APPLY FOR RATE OF 4 
02 ig0° RISE OF ON-STATE CURRENT a 
= 
CONDUCTION 
40r- | ANGLE k F 
« 
[roel ws es [eee 3 
= 
orl es. eS eS Oe ee So 


AVERAGE ON-STATE CURRENT - AMPERES 


3. MAXIMUM ALLOWABLE CASE TEMPERATURE 
FOR HALF-WAVE RECTIFIED SINE WAVE 


180° 


18 
NOTES: 
6 |. RESISTIVE OR INDUCTIVE LOAD,50 TO 400 Hz. 
2. CURVES APPLY FOR RATE OF RISE OF 
14 ;- ON-STATE CURRENT 
l2 1 
tor 
8 ale 


CONDUCTION 
ANGLE 1 350° 


+—_ 


180° 
CONDUCTION — 
P| ANGLE le 


oy) 


mae 


2. 


2 3 4 5 6 8 9 10 I 12 


AVERAGE ON-STATE CURRENT - AMPERES 


MAXIMUM ON-STATE POWER DISSIPATION 
FOR HALF-WAVE RECTIFIED SINE WAVE 
OF CURRENT 


i. | erie ia fait 
00 
907 —~ 
0 |. CONDUCTION ANGLE -= 360° 
i coer Tena ea pas eee 
a ro) 360° 
+{CONDUCTION}4 »| CONDUCTION 
ANGLE: ANGLE 
50} rs Af CONE CYCLE OF SUPPLY FREQ a 
NOTES: | | | | | eee | 
1, RESISTIVE OR INDUCTIVE LOAD,5O TO 400 Hz. 
40 2. CURRENT APPLY FOR RATE OF RISE OF ON-STATE 
CURRENT 
39-1 ee pS i | (seems Comer 
o i: 2 3 4 6 6 7 86 9 © Tt 


AVERAGE ON-STATE CURRENT - AMPERES 


4. MAXIMUM ALLOWABLE CASE TEMPERATURE 


FOR FULL-WAVE RECTIFIED SINE WAVE 


OF CURRENT OF CURRENT 
16 T T T T T T T o 
NOTES: 580) 

1, RESISTIVE OR INDUCTIVE 
14)- LOAO,50 TO 400 Hz. q - 

2. CURVES APPLY FOR RATE OF 
2 RISE OF ON-STATE CURRENT 

120° 

et a 


[CONDUCTION ANGLE —*60° 
8 tT 


AVERAGE ON-STATE POWER DISSIPATION - WATTS 


{CONDUCTION »| CONDUCTION 
ANGLE ANGLE 

ONE CYCLE OF SUPPLY FREQ 

| 


360° 


5 6 


7 


8 9 10 I 12 


AVERAGE ON-STATE CURRENT - AMPERES 
5. MAXIMUM ALLOWABLE ON-STATE POWER 
DISSIPATION FOR FULL-WAVE SINE 
WAVE OF CURRENT 
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INSTANTANEOUS GATE VOLTAGE - VOLTS 


GATE TRIGGER CURRENT (MILLIAMPERES) 


MAXIMUM ALLOWABLE 
INSTANTANEOUS GATE 


8 POWER DISSIPATION a 22 
EQUALS 5 WATTS m2. 
MAXIMUM FOR 10 ° 
7 MICROSECONDS PULSE 2 
WIDTH w 
é AVERAGE | 8 
GATE NOTE: é 
POWER SHADED AREA REPRESENTS Og 
5 DISSIPATION LOCUS OF ALL POSSIBLE DC >i. 
EQUALS 0.5 W (220 MICROSECONDS) ae 
4 MAXIMU GUARANTEED TRIGGERING & * 
} SJ POINTS FROM -40°C T © 10 
a +110°C & 
3 RECOMMENDED GATE ~~, i a 
CIRCUIT LOAD LINE FOR & 6 
2 PULSE TRIGGERING é 
4 
2 
° 
0) 5 | 5 2 2.5 
INSTANTANEOUS GATE CURRENT - RAPeRee: 
6. GATE TRIGGER CHARACTERISTICS 
40 280 


35 


20 |_|; __}_| - 


NOTES: 
|. ANODE VOLTAGE = 6 VOC 
2. LOAD RESISTOR = 91 OHMS 


AT 25°C, 45 OHMS AT 
-40°C 


era 


8. MAXIMUM DC GATE CURRENT TO TRIGGER 


D.C. GATE TRIGGER CURRENT (MILLIAMPERES) 


-20 -10 ° 10 20 


CASE TEMPERATURE, T, (°C) 


30 40 50 


VS. CASE TEMPERATURE 


MAXIMUM ALLOWABLE PEAK 
ON-STATE CURRENT (AMPERE 


TIME FROM START OF CURRENT FLOW 
(MICROSECONDS} 


240 


200 


160 


aa 
NOTES: 

a ie de 1. ANODE VOLTAGE = 6 VDC 

Tr 2. LOAD RESISTOR = 91 OHMS 
| ee AT 25°C,45 OHMS AT — 

-40°C 
Deiat ees HE = 
cre es a | 
Tal 

-40 -30 -20 -10 oO 10 20 #30 40 #450. 60 


CASE TEMPERATURE, Tc (°C) 


7. MAXIMUM DC GATE VOLTAGE TO TRIGGER 


VS. CASE TEMPERATURE 


feel 


NOTES: 
|. RECTANGULAR GATE CURRENT 
PULSE APPLIED. 


. RISE AND FALL TIMES EQUAL TO 
OR LESS THAN 10 % OF GATE 
PULSE WIDTH. 


. ANODE VOLTAGE = 6 VDC. 


. LOAD RESISTOR = 91 OHMS AT 
25°C, 45 OHMS AT - 40°C. 


6 8 10 12 14 
GATE PULSE WIDTH (MICROSECONDS ) 


16 


9. MAXIMUM DC GATE CURRENT TO TRIGGER 


VS. GATE PULSE WIDTH 


NOTES: 


(. FREQUENCY 60Hz MAXIMUM. 

2. CASE TEMPERATURE =-40°C 
TO +110°C. 

REQUIRED GATE DRIVE 5 
VOLTS, 7 OHM SOURCE, IO 
MICROSECOND PULSE WIDTH 
MINIMUM, 0.2 MICROSECOND 
RISE TIME MAXIMUM. 


. INSTANTANEOUS VALUE OF 


URN-ON 
CURRENT LIMIT LINES SHOWN. 


. di/dt RATING IS ESTABLISHED 
IN ACCORDANCE WITH JEDEC 
STANDARD RS397 SECTION 
5.2.2.6. OF F-STATE (BLOCKING) 
VOLTAGE CAPABILITY MAY BE 
TEMPORARILY LOST AFTER 
EACH CURRENT PULSE FOR 
DURATIONS LESS THAN THE 
PERIOD OF THE APPLIED 
PULSE REPETITION RATE. THE 
PULSE REPETITION RATE FOR 
THIS TEST IS 60Hz, THE 
DURATION OF THE JEDEC di/dt 
TEST CONDITION IS 5.0 SEC MIN. ,(300 PULSES), 


10. TURN-ON CURRENT LIMIT 
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PEAK HALF SINE WAVE ON-STATE 


TRANSIENT THERMAL IMPEDANCE -(°C/WATTS) 


CURRENT - AMPERES 


go 9 
CS 


° 


0.2 
0.001 


as T TT 
NOTES: 4 


|. JUNCTION TEMPERATURE IMMEDIATELY PRIOR 
TO SURGE = -40°C TO +110°C 


NOTES: 


. CURVES APPLY FOR 
HALF SINE WAVE 
CURRENT WAVEFORM. 


2. THIS OVERLOAD MAY 
BE APPLIED FOLLOWING 
DEVICE OPERATION AT 
{TS STEADY STATE 
RATING LIMITS. 


3. THE OVERLOAD MAY 
NOT BE REPEATED 
UNTIL DEVICE 
JUNCTION TEMPERATURE 
HAS COOLED DOWN TO 
WITHIN STEADY STATE 
RATED VALUE. 


Ho 
2. GATE CONTROL MAY BE LOST DURING AND 
IMMEDIATELY FOLLOWING THE SURGE 
OG 60 Hz CURRENT INTERVAL 
3. CURRENT OVERLOAD MAY NOT BE REPEATED 
UNTIL JUNCTION TEMPERATURE HAS 
RETURNED TO WITHIN ORIGINAL 
90 STEADY-STATE VALUE 
80 —t 
70 7-t 
| eel ee fede 
50 —L 1 = 
I 2 4 6 8 10 20 40 60 80 100 
NUMBER OF HALF CYCLES 
11. MAXIMUM ALLOWABLE SURGE CURRENT 


FOLLOWING RATED LOAD CONDITIONS 


2 


= 


.CURVE DEFINES iol RISE 
OF JUNCTION ABOVE FOR 


E 
DISSIPATION IN THYRISTOR FOR 
TIME (t), STARTING FROM A 
SPECIFIED CASE TEMPERATURE 
EQUALS 110°C MAX. Tj MINUS 
CASE TEMPERATURE DIVIDED BY 
THE TRANSIENT THERMAL 
IMPEDANCE: 190 Te 


Poo as 
PEAK "7 @uc(t} 


2. FOR OPTIMUM RATINGS AND FURTHER [RP COMGTION SEE 
PUBLICATION 200.9 ENTITLED, “POWER SEMI- 
CONDUCTOR RATINGS UNDER TRANSIENT SIND 
INTERMITTENT L LOADS." eel | 


0.004 0.01 0.04 Ol 
TIME (t)~ (SECONDS) 


13. MAXIMUM TRANSIENT THERMAL 


IMPEDANCE (JUNCTION-TO-CASE) 


4. NO BLOCKING 
VOLTAGE RATING IS 
IMPLIED DURING OR 
(IMMEDIATELY FOLLOWING 
THE OVEREOAD CURRENT 
INTERVA: 


5. JUNCTION TEMPERATURE 
IMMEDIATELY PRIOR TO 
OVERLOAD = - 40°C 
TO + 110°C. 


- 


aes 
wig 
ta) 
VOew 
ad 
Sows 
x 
50 
<HRat 
aa) 
a |H 
a 
fa] 
z 
S 
oO 
wd 
=” 
4G 
rd 
Ww 
a 
= 
<q 


i 


10 


2 3 4 5678910 
PULSE WIDTH - MILLISECONDS 


12. SUB-CYCLE SURGE AND [’t RATING 
FOLLOWING RATED LOAD 


CONDITIONS 
70 + 7 _ 
60 —t | ———t con + 
NOTE: 


50 


40 


30 


DC HOLDING CURRENT (MILLIAMPERES) 


PEAK INITIATING ON-STATE 
CURRENT EQUALS 0.5 AMPERES 


-30 -20 


iT) 
CASE TEMPERATURE, To 


— 
° 10 
(°C) 


14. MAXIMUM DC HOLDING CURRENT VS. 
CASE TEMPERATURE 
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OUTLINE DRAWINGS 


STANDARD TYPE 


() 1, ANODE 


_ CASE TEMPERATURE 
REFERENCE POINT 


LeAo @ ANODE 
TEMPERATURE @ CATHODE 
REFERENCE @ GATE 
POINT O— @ MOUNTING TAB (ELECTRICALLY COMMON TO MT2, 
NON - ISOLATED DEVICES ONLY! 
® NON - ISOLATED DEVICES ONLY 2. CATHODE 


TERMINAL ARRANGEMENT 


METRIC MM ae al INCHES METRIC MM 
MIN MAX a MIN MAX MIN, MAX. 
4.06 aes N “095 105 2.41 2.67 
37 TYP. oP | .141 145 3.58 | 3.68 


118 REF. 3.00 REF. 
) 0015 004 = 
590 14.47 
220 


035 
055 


CENTER LEAD CUT 
(NON-ISOLATED DEVICES ONLY) 


lt 


FLAT MOUNTING 
CHASSIS HEATSINK 


TO-66 EQUIVALENT 
(NON-ISOLATED DEVICES ONLY ) 


CENTER LEAD 
CUT-OFF 


TYPE 2 


CENTER LEAD 
CuT - OFF 


TYPE 4 


UPRIGHT MOUNTING 


FLAT MOUNTING 
RADIATOR HEATSINK 
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TYPICAL CIRCUIT 


This circuit uses the counter EMF of the motor armature due to residual field 
as a feedback signal of motor speed to maintain essentially constant speed 
characteristics with varying torque requirements, There will be some variation 
in the effectiveness of speed control from one motor to another depending on 
the magnitude of the residual field for the particular motor. , 
During the positive half cycle of the supply voltage, a reference voltage is 
established on the arm of the potentiometer Ry which is compared with the 
counter EMF of the motor through the gate of the SCR. When the “pot” voltage 
rises above the counter EMF, current flows through CR, into the gate of the 
SCR, and thus applying the remainder of that half cycle of supply voltage to the 
motor, If load is applied to the motor, its speed tends to decrease, thus decreasing 
counter EMF in proportion to speed. The “‘pot” reference voltage thus causes 
pF current to flow into the SCR gate earlier in the cycle. The SCR triggers earlier 
in the cycle, and additional voltage is applied to the armature to compensate for 
the increased load and to maintain the preset speed, The particular speed at which 
the motor operates can be selected by Ry. Stable operation is possible over 
approximately a 10 to 1 speed range. Stability at very low speeds can be 
(3 AMP NAMEPLATE) improved by reducing the value of Cy at the expense of feedback gain, 


lov 
(OPTIONAL) 
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jOTOR 
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OTHER APPLICATION NOTES OF INTEREST 


Publication 

Number Application Notes 

200.31 Phase Control of SCR’s With Transformer and Other 
Inductive AC Loads 

200.33 Regulated Battery Charges Using the Silicon Controlled 
Rectifier 

200.43 Solid State Control for DC Motors Provides Variable 
Speed With Synchronous — Motor Performance 

200.44 Speed Control for Shunt-Wound Motors 

200.47 Speed Control for Universal Motors 

200.48 Flashers, Ring Counters and Chasers 

200.55 Thermal Mounting Considerations for Plastic 
Power Semiconductor Packages 

201.1 A Plug-In Speed Control for Standard Portable 
Tools and Appliances 

201.13 Universal Motor Control With Built-in Self-Timer 
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Silicon 
Controlled Rectifier C137 


35A RMS max., 500-1200 Volts, 
125° C max. Junction Temperature 


The C137 series of silicon controlled rectifiers are reverse blocking triode thyristor semiconductor devices 
for use in medium power switching and phase control (50 to 400 Hz) applications requiring blocking volt- 
ages up to 1200 volts, and overage load current (single-phase, 180° conduction angle) up to 22 amperes. 


Special features of these SCR’s: 
@ No peak forward voltage limitation 
@ Minimum dv/dt rating of 100 volts/usec. 
@ Maximum di/dt rating of 150 amps/ usec when switching from 600 volts 
e@ High surge current capability for overcurrent protection. 


MAXIMUM ALLOWABLE RATINGS 


Repetitive Peak Repetitive Peak Non-repetitive Peak Off-State 
Off-State Voltage, Reverse Voltage and Reverse Voltage 
Vorml(1) (2) Vearmi(?) (2) Vosm and Vasm(1) (3) 
To = —65°C to +125°C Te =—-65°C to +125°C To = —65°C to +125°C 


C137E $00 Volts 500 Volts 600 Volts 


C137M 600 Volts 600 Volts 720 Volts 
C137S 700 Volts 700 Volts 840 Volts 
C137N 800 Volts 800 Volts 960 Volts 
C137T 900 Volts 900 Volts 1086 Volts 
C137P 1000 Volts 1000 Volts 1200 Volts 
C137PB 1200 Volts 1200 Volts 1400 Volts 


(1) Values apply for gate terminal open-circuited. (Negative gate bias is permissible.) 

(2) Maximum case-to-ambient thermal resistance for which maximum Vpry and Vagm ratings apply equals 5.0°C per watt for full sine wave or 
full-wave rectified sinusoidal voltage waveform. (3.0°C per watt is maximum case-to-ambient thermal resistance for pure de voltage waveform.) 

(3) Half sine wave voltage pulse, 10 millisecond maximum duration. 


RMS On-State Current, I¢( amg) .- ee ee ee 35 Amperes (all conduction angles) 

Average On-State Current, Ip(ay) 20. ee ee Depends on conduction angle (See Charts 3 and 5) 
Critical Rate-of-Rise of On-State Current, di/dt: (4) 

Gate triggeredoperation. b.4.. ase deena vo Sia ee eck te be aier es ads Sle ae Oe ae We a Gee A ee Se Ge (See Chart 6) 

Switching from 1001 volts min. to 1200 volts max... 2... ee ee ee ee ee 75 Amperes per microsecond 

801 volts min. to 1000 volts max... 2... 2. ee ee ee eee 100 Amperes per microsecond 

601 volts min. to 800 volts max, 2.1... ee eens 125 Amperes per microsecond 

600 volts max, ............0. ab ots Runs eke aad We ee 150 Amperes per microsecond 

Breakover voltage triggered operation... 2... ee ee ee eee 10 Amperes per microsecond 

Peak One Cycle Surge (non-rep) On-State Current, Itgy. ee ee eee 360 Amperes 

I2t (for fusing), for time = 1.0 milliseconds (See Chart 9) 2... 0. ee ee ee ee ee 300 Ampere2 seconds 

for time = 8.3 milliseconds (See Chart 9) 0... ee ee ee ns 540 Ampere2 seconds 

Peak Gate Power Dissipation, Pam 2... 2. ce ee eee ees 60 Watts for 500 microseconds 

Average Gate Power Dissipation, Pe(ay) .- ee ee ene 1.0 Watts 

Peak Negative Gate Voltage, Vom... ee ee 10 Volts 

Storage:Temperature, Top) vc ee ere ee ea de He Gee ae hae nd eee a Bae 65°C to +150°C 

Operating Temperature, Ty 06 ee eA ee ee ee AU Ra ee ee Re ~65°C to +125°C 

Maximum Stud Torque... a. ae we eee re ey OE ER Ee Re I Re eels ake a ale 30 Lb-in (35 Kg-cm) 


(4) di/dt rating is established in accordance with EIA Standards Proposal No. 1101, Section 5.2.2.6. Off-state (blocking) voltage capability may be 
temporarily lost immediately after each current pulse for duration less than the period of the applied pulse repetition rate. The pulse repetition 
rate for this test is 60 Hz. The duration of the JEDEC di/dt test condition is 300 pulses minimum at 60 Hz. 
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CHARACTERISTICS 


To = -65% to 125°C 


Peak Off-State or Reverse 
Current (1) (2) 


C137E Vorm = Vrarm = 500 Volts Peak 


C137M 600 
C1378 700 
C137N 800 
C137T 900 
C137P 1000 
C137PB 1200 


Tc = +25°C, Vp = 6 Vde, Ry = 12 ohms 


Tc = —65°C, Vp = 12 Vde, Ry = 12 ohms 
Te = +25, Vp = 6 Vde, Ry = 12 ohms 
Te = +125, Rated Vor, Ri = 1000 ohms 
Tg = +25°C, It = 70 A peak, 1 msec wide pulse. 
Duty cycle S 2%. 


Anode supply = 24 Vdc, Gate supply = 10 V, 20 ohms. 
Initial Forward Current Pulse = 0.5 A, 0.1 to 10,0 msec wide. 


Te = -—65T 
Te = +125%, Rated Vor, Gate open circuited. 


Peak On-State Voltage 


Holding Current 


Critical Rate of Rise 
of Off-state Voltage. 

(Higher values may cause 
device switching.) 


Junction-to-case, dc 
Tg = 125°C, Itsy = 10A Peak Rectangular Current Pulse, 

50 usec duration. DI/DT < 10 Amps per microsecond. 
Commutation Rate S 5 A per dsec. PRV = Rated Van 
Volts max. Reverse Voltage at end of Turn-Off Time interval 
= 15 volts. Repetition Rate = 60 PPS, Rate of Rise of Re- 
applied Off-State Voltage (dv/dt)= 100V/usec. Off-State 
Voltage = Rated Vopr Volts, Gate Bias during Turn-Off 
Time interval = 0 Volts, 100 ohms. 


Circuit Commutated 
Turn-Off Time 


NOTES: 

(1) Values apply for gate terminal open-circuited. (Negative gate bias is permissible.) 

(2) Maximum case-to-ambient thermal resistance for which maximum Vorm and Vagm ratings apply equals 5,0°C per watt for full sine wave or 
full-wave rectified sinusoidal voltage waveform, (3.0°C per watt is maximum case-to-ambient thermal resistance for pure dc voltage waveform.) 

(3) Turn-off time is not 100% factory tested. Special selections are available upon request. Consult factory, The test conditions shown represent 
standard factory test conditions for special selections. 


NOTES: OUTLINE DRAWING 
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within 2% threads of seating 
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HALF WAVE RECTIFIED SINE WAVE OF CURRENT FOR RECTANGULAR CURRENT WAVEFORM 
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MAXIMUM ALLOWABLE CASE TEMPERATURE — °C 


= 


ae) EPI 
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POWER DISSIPATION. 
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2. CURVES APPLY FOR ANODE CURRENT RATE OF 
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3. RATINGS DERIVED FOR 1.0 WATT AVERAGE GATE 
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5. MAXIMUM ALLOWABLE CASE TEMPERATURE FOR 
RECTANGULAR CURRENT WAVEFORM 
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TRANSIENT THERMAL iMPEOENCE. 
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PUBLICATION ON 200.9 ENTITLED 
ANO INTERMITTENT LOADS" 


2. FOR OPTIMUM RATING AND FURTHER INFORMATION, SEE 
SEMICONOUCTOR RATINGS UNDER TRANSIENT 


TRANSIENT THERMAL IMPEDANCE (2 eucit) °C PER WATT 


0.01 L_. 


— 


bl Joe ibe ctl 


9.001 


0.004 0.01 


0.04 Ol 0.4 1.0 
TIME (+), SECONDS 


a ae 


4 


7. MAXIMUM TRANSIENT THERMAL IMPEDANCE, 
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4. INSTANTANEOUS VALUE OF ON— 


NOTES 
REQUENCY=400Hz MAXIMUM. 
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EXCEED TURN-ON CURRENT 
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THAN THE PERIOD OF THE 
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RATE. THE PULSE REPETITION 
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di/dt TEST CONOITION IS 
300 PULSES MINIMUM AT 
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INSTANTANEOUS GATE VOLTAGE -VOLTS 


ON-STATE CURRENT 


NOTES: 
|. RECTANGULAR G, 


RISE TIME S10 
WIDTH 


2.ANODE SUPPLY, 
12 OHMS 


TEMPERATURE 


PULSES APPLIEO WITH PULSE 


LjS525)_ 8 3. SHADED AREA REPRESENTS 
T., 1 LOCUS OF POSSIBLE TRIGGERING 
LO pSEC (25°C) POINTS FOR VARIOUS GATE 


PULSE WIDTHS AND 


ATE VOLTAGE 
% OF PULSE + 


42 VOLTS, 
af 


S$ AS INDICATED 
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INSTANTANEOUS GATE CURRENT-MILLIAM 
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PERES 


PULSE GATE TRIGGER CHARACTERISTICS 


The General Electric C138 and C139 Series of Silicon Controlled Rectifiers are reverse blocking 
triode thyristor semiconductor devices designed primarily for high-frequency power switching 
applications which require blocking voltages from 500 to 800 volts and load currents up to 35 
amperes RMS, at frequencies up to 25 kHz. Refer to C140 and C141 series for blocking voltages 
from 100 to 400 volts. 


The C138, C139 family of inverter SCR’s utilizes a new voltage rating system which, for the 
first time allows high voltage blocking capability with the short turn-off time characteristics of a 
low blocking voltage SCR. 


Equipment designers can use the C138 and C139 SCR’s in demanding applications such as: 
choppers, inverters, regulated power supplies, cycloconverters, ultrasonic generators, high 
frequency lighting, sonar transmitters, radar transmitters, and induction heaters, 


MAXIMUM ALLOWABLE RATINGS 


~ Repetitive Peak Off- Peak or DC Repetitive Peak Non-Rep. Peak | 
State Voltage, Vorm Switching Voltage Reverse Voltage ‘Reverse Voltage 
(2)(3), Tc =—65°C to Vom oF Vp (2)(3) Varo (2)3)Tco = | Vaso (2)(4) To= 
4125°C Ty =-65°C to H25°C 65°C to H125°C |. ~65°C to H125°C 


C139E10E, C139E20E 500 Volts 500 Volts 500 Volts 600 Volts 
C138E10E, C138E20E 500 500 50 


C139M10M, C139M20M 600 600 600 
C138M10M, C138M20M 600 600 50 


C139S10M, C139S20M 700 600 600 
C138S10M, C138S20M 700 600 50 


C139N10M, C139N20M 800 600 600 
C138N10M, C138N20M 800 600 50 


RMS On-State Current, It(amis) © 6 6 6 ee ee ee ee ee ee ee ee ee ee es 35 Amperes (all conduction angles) 
Critical Rate-of-Rise of On-State Current, di/dt: (5) 
Gate triggered operation: 


Switching from 500 volts (500 volt types) . 6. 6 1 wwe ee ee he ew ee ee ee 100 Amperes per microsecond 

Switching from 600 volts (600, 700, 800 volt types) 2. 2 6 6 ee ee ee ee ee ee eh ww 100 Amperes per microsecond 
Peak One Cycle Surge (non-rep) On-State Current, Itsy. 6 we ee ee ee ew ee we we eee ew eee ee ee 200 Amperes 
Peak Rectangular Pulse Surge (non-rep) On-State Current (5.0 Msec, t,=SOusec)Iygsm - - 6 6 ee ee ee ee ee ee 180 Amperes 
12t (for fusing), for times 2.0.5 milliseconds .. 2. 6 6 1 ee ee ee ee ee te eee ee 165 Ampere2 seconds 
Peak Gate Power Dissipation, Pay. - 6 6 ee ee ee te ee we te ee eee 40 Watts for 100 Microseconds 
Average Gate Power Dissipation, Pg (ayv)+ + 6 + 6 ee ee ee te ee ee ee ee ee ee ee ee ee es 1.0 Watts 
Peak Reverse Gate Voltage, Vamo- sce te tt ee ee ee ee we ee ee ee es 10 Volts 
Storage Temperature, TstG. . ee ee ee ee ee ee —65T to +150°C 
Operating Temperature, Tj 2 2 6 6 ee ee ee ee es Ghul ieee das Sat Wo Piigne 08 S09 Fes, ae SS —65T to +125 
Maximum Stud Torque. . . 2. 6 6 wee ee ee te ee te ee ee ew ee ee ee ee he 30 Lb-in (35 Kg-cm) 
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Peak Off-State 

Current (2)(6) 
C139E10E, C139E20E 
C138E10E, C138E20E 
C139M10M, C139M20M 
C138M10M, C138M20M 
C139S10M, C139S20M 
C138S10M, C138S20M 
C139N10M, C139N20M 
C138N10M, C138N20M 


Peak Reverse 

Current (2)(6) 
C139E10E, C139E20E 
C138E10E, C138E20E 
C139M10M, C139M20M 
C138M10M, C138M20M 
C139S10M, C139S20M 
C138S10M, C138S20M 
C139N10M, C139N20M 
C138N10M, C138N20M 


Critical Rate of Rise of 
Off-State Voltage 


D.C. Gate 
Trigger Current 


D.C. Gate 
Trigger Voltage 


Peak On-State 
Voltage 


Holding Current 


Pulse Circuit 
Commutated Turn-Off 
Time 


C138 - 10, C139 - 10, 
Types 


C138 - 20, C139 - 20, 
Types 


CHARACTERISTICS 
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To = 65°C to +125°C 


Vorm = ae Volts Peak 


” 


To = 65°C to +125°C 


Vr RM > 500 Volts Peak 
50 ” ” 


” 


Te = 125°C, Rated VprRm, Gate Open 
Circuited, Exponential Waveform 


To = 25°C, Vp = 6Vde, Ry, = 4 ohms 
To = — 65°C, Vp = 6Vde, Ry = 2 ohms 


To = 25°C, Vp = 6 Volts, RL = 4 ohms 
Te = —65°C, Vp = 6 Volts, Ry = 2 ohms 
Te = 125°C, Rated Vornm, Ri = 500 ohms 


Tg = 25°C, Izy = 100 A Peak, 2 1, S$ 2 msec, 
wide pulse, Duty cycle $ 2%. 


Anode Source Voltage = 24 Vdc Peak 
Initiating On-State Current = 3A, 0.1 to 10 
msec pulse, Tg = 25°C, Gate source = LOV, 
Open Circuit, 20 ohms, 100 Usec pulse 

Te = ~65°C, Gate source = 20V, Open 
Circuit, 20 ohms, 100 usec pulse. 


Te = 115°C, Ityq = 100A Peak Approximate- 
ly Sinusoidal Current Waveform. See Chart 
for time references, On-State Current Pulse 
Time to peak (tg—t4) = 1.0 psec, On-State 
Current Pulse Base (t3—t4) = 2.0 Usec 
(+0.5—0 Usec).Repetition Rate = 400 PPS. 
PRV (ts) = 250 Volts max. Reverse voltage 
(tg): C138 (with inv, para. diode) = 1 Volt. 
C139 = 30 Volts, Peak Off-State Voltage (tg) 
= Rated Vorm- Peak Off-State Voltage (t,) 
equals: 500 Volts for 500 Volt types; 600 
Volts for 600, 700 and 800 Volt types. Rate 
of Rise of Re-applied Off-State Voltage 
(Linear Ramp): (tg to tg) = 200 Volts per 
usec, Gate Trigger Pulse = 20 Volts, 20 ohms, 
Gate Trigger Pulse Width (90% points) = 1.5 
bsec, Gate Trigger Pulse Rise Time (10% to 
90%) = 0.1 usec. Gate Bias during Turn-Off 
time interval = 0 Volts, 20 ohms. 


CHARACTERISTICS (Contd) 


Steady State Thermal R@uc 1.0 Junction to Case 
Resistance 


Conventional Circuit tg Tc = 125°, Ip = 10A Peak Rectangular 
Commutated Turn-Off 

Time 

C138 -i0-, C139-10-, 10 Usec 

Types 

C138- 20. , C139-20-, 20 [sec 

Types 


Current Pulse, 50 psec duration, DI/DT < 
NOTES: 


10 Amps per microsecond. Commutation 
Rate S 5A per psec. PRV = Rated Vaam 
(1) Type designations are defined as follows, using C139S20M as an example: 
Cc 13 9 § 20 M 


Volts max, Reverse Voltage at end of 
Turn-Off Time interval: C139 = 15 volts, 
C138 (with inv, para, diode) = 1 volt. 
Repetition Rate = 60 PPS, Rate of Rise of 
Re-applied Off-State Voltage (dv/dt) = 200V/ 
Usec, Off-State Voltage = Rated VprRm Volts. 
Gate Bias during Turn-Off Time interval = 

0 Volts. 100 ohms, 


Rated Switching Voltage 
Maximum Turn-Off Time (10 = 10psec; 20 = 20 psec.) 
Rated Repetitive Peak Off-State Voltage 

C138 and C139 types differ in reverse voltage rating only. 


(2) Values apply for gate terminal open circuited, (Negative gate bias is permissible). 


(3) Maximum case to ambient thermal resistance for which maximum voltage ratings apply equals 1.2C degrees per watt for Vp 
(DC voltage), 3.0C degrees per watt for VorRm and Vargo. See paragraph, “Basis for Voltage Rating” for further information. 


(4) —_-Half sine wave voltage pulse, 10 millisecond max. duration, 


(5) difdt rating is established in accordance with JEDEC Suggested Standard No. 7, Section 5.1.2.4 Off State (blocking) voltage 
capability may be temporarily lost immediately after each current pulse for duration Jess than the period of the applied pulse 
repetition rate. The pulse repetition rate for this test is 400 H,. The duration of the JEDEC di/dt test condition is 5.0 seconds 
(minimum). Required gate drive = 20 volts, open circuit, 20 ohm source, 0,1 microsecond rise time, 1.5 microsecond pulse 
width. Repetitive di/dt capability is incorporated into peak current rating charts included in this specification sheet. 


(6) Maximum case to ambient thermal resistance for which maximum Vpam and Vary ratings apply equals 3.0 degrees C per 
watt, See paragraph entitled “Basis of Voltage Ratings”, for further information, 


PRELIMINARY DATA 


These ratings and characteristics are not necessarily definitive and are based only on the tests and findings made to date. Inasmuch as 
further information may be acquired, General Electric Company reserves the right to change these preliminary data without notice. 
Please contact your local General Electric Electronic Component Sales Manager for the latest status of data prior to ordering devices 
to the limits indicated by the data, 
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BASIS OF VOLTAGE RATINGS 
For The C139 and C138 Thyristors 


The C139 and C138 thyristors are characterized primarily for inverter service, The voltage ratings, off-state current and reverse current 
values for the C139 are based on the voltage waveform shown below: 


OF F- STATE 
VOLTAGE 


REVERSE 
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|}+———one CYCLE OF APPLIED VOLTAGE —+| 


—_ FTE eM iSete SWITCHING 
VOLTAGE LEVELS 
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PER CENT 
i00 @ OF CYCLE 
(l1OHz TO 25KHz) 


This waveform requires the use of a device case to ambient thermal resistance of 3.0 deg C per watt in order to assure thermal 
stability under maximum rated voltage and temperature conditions. 

The waveforms of the actual application must stay within the envelope shown for each voltage type. If the actual waveforms do not 
stay within the envelopes shown for each voltage type then a heat sink with less than 3.0 deg C per watt must be used, Consult 
factory for assistance in heat sink selection to assure thermal stability. 


The C138 type thyristor has a rated PRV of 50 volts, It is intended for use in applications where an inverse parallel rectifier diode 

(sometimes called a feedback diode) is connected across the C138 which will limit the applied reverse voltage to the forward drop of 
the inverse parallel diode. Therefore in the waveform envelopes shown above for the C139 the reverse voltage portion does not apply 
for the C138. For the C138 it is permissible for the off-state voltage at the switching voltage level to be extended from 50% to 95% 


of the total cycle time. 


NOTES: 
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> 


CT, ON OU 


- Ext. 


Complete threads to extend to 
within 2% threads of seating 
plane. Diameter of unthreaded 
portion .249” (6.32MM) Maxi- 
mum, .220” (5.59MM) Minimum, 


. Angular orientation of these 


terminals is undefined. 


« %-28 UNF-2A. Maximum pitch 


diameter of plated threads shall 
be basic pitch diameter .2268” 
(5.76MM), minimum pitch diam- 
eter .2225” (5.66MM), reference: 
screw thread standards for Fed- 
eral Service 1957, Handbook 
H28, 1957, P}. 


. A chamfer (or undercut) on one 


or both ends of hexagonal por- 
tions is optional. 


. Case is anode connection. 
. Large terminal is cathode con- 


nection. 


» Small terminal is gate connec- 


tion. 


. Insulating kit available upon re- 


quest. 


. %-28 steel nut, Ni. plated, .178 


min. thk, 
tooth lockwasher, 
steel, Ni. plated, .023 min. thk. 
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SINE WAVE DATA 


NOTES: 
MAXIMUM CASE TEMPERATURE = 65°C 
FOR SINUSOIDAL CURRENT WAVEFORM ONLY 
3. MINIMUM CIRCUIT TURN-OFF TIME 
CI3Z9_IO , CI3S—_10 =*10~SEC 
CI39_20, CI38_20 =20,SEC 
4.MAXIMUM CIRCUIT dv /dt= 200 V/pSEC 
S.RATED Vpay RATED SWITCHING VOLTAGE 
6. REVERSE VOLTAGE 
Vp * 250 VOLTS (C139), $0 VOLTS (C138) 
Vrs 30 VOLTS(CI39),1 VOLT (CI38 WITH 
INVERSE PARALLELDIODE) 
7. REQUIRED GATE DRIVE 
20 VOLTS OPEN CIRCUIT, 20 OHM SOURCE 
i.5¢SEC MIN. PULSE WIDTH 
Ole SEC MAX. RISE TIME 


200; 


PEAK ON-STATE CURRENT- AMPERES 


1000 2000 «4080 
PULSE BASE WIDTH - MICROSECONOS 


10900 


1. Maximum allowable peak on-state current vs. pulse width (Tce = 65°C) 


NOTES: 
1 .MAXIMUM CASE TEMPERATURE = 90°C 
2.FOR SINUSOIDAL CURRENT WAVEFORM ONLY 
3. MINIMUM CIRCUIT TURN-OFF TIME 
CI39_10, CI3B_10 = 104 SEC 
CI39_20 , CI38_20 «20nSEC 
4. MAXIMUM CIRCUIT dv/dt #200 V/p SEC 
S.RATED Voru, RATEO SWITCHING VOLTAGE 
6. REVERSE VOLTAGE 
Vau*250 VOLTS (C139), SOVOLTS (CI36) 
Vp# 3OVOLTS (C139), IVOLT (CI38 WITH 
INVERSE PARALLEL DIODE) 
7. REQUIRED GATE DRIVE 
20 VOLTS OPEN CIRCUIT, 20 OMM SOURCE. 
15SEC MIN. PULSE WIDTH 
O.1nSEC MAX. RISE TIME 


Charts 1, 2 and 3 give 
the maximum value of 
peak on-state current at 
which the specified 
turn-off-time and dv/dt 
still apply, 


PEAK ON-STATE CURRENT-AMPERES 


PULSE BASE WIDTH~MICROSECONDS 


2. Maximum allowable peak on-state current vs. pulse width (Tc = 90°C) 


NOTES: 
1. MAXIMUM CASE TEMPERATURE =115*C 
2.FOR SINUSOIDAL CURRENT WAVEFORM ONLY 
3.MINIMUM CIRCUIT TURN-OFF TIME 
=10, CI3810 =l0nSEC 

CI382 20 | CI3B_20 +20 SEC 
4. MAXIMUM CIRCUIT dv/‘ét=200V/x SEC 
5. RATED Vor ,RATEO SWITCHING VOLTAGE 
6. REVERSE VOLTAGE 

Van 2250 VOLTS (C139), SO VOLTS (C138) 

Vn*30 VOLTS (130),1 VOLT (C138 WITH INVERSE PARALLEL 
7. REQUIRED GATE DRIVE bro! 

20 VOLTS OPEN CIRCUIT, 20 OHM SOURCE 

1.SmSEC MIN. PULSE WIOTH 

0.1m SEC MAX. RISE TIME 


PEAK ON-STATE CURRENT - AMPERES 


1000 «42000 4000 10,000 
PULSE BASE WIDTH - MICROSECONDS 


3, Maximum allowable peak on-state current vs. pulse width (T¢ = 115°C) 
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INSTANTANEOUS ON-STATE CURRENT —- AMPERES 


ANODE VOLTAGE 


ANODE CURRENT 


PEAK ON-STATE CURRENT -AMPERES 


ON-STATE—» <-REVERSE OFF -STATE— 


REVERSE 


4 


NOTES: |. USE FOR CALCULATING APPROXIMATE 
AVERAGE POWER DISSIPATION FOR NON— 
SINUSOIDAL CURRENT WAVEFORMS. 


ite) 40 100 tooo 


TIME FROM START OF CURRENT FLOW-pSEC 


4. Instantaneous On-State Power Dissipation 


— VpRM 


- SWITCHING VOLTAGE 


NOTES: 
lL AVERAGE POWER DISSIPATION = 
ENERGY PER PULSE X REP RATE 


2CASE TO AMBIENT THERMAL RESISTANCE 
REQUIREMENTS FOR THERMAL STABILITY 
MUST BE MET. SEE PARAGRAPH ENTITL 
“ BASIS OF VOLTAGE RATINGS" FOR 
FURTHER INFORMATION. 


This chart gives the instantaneous power 
dissipated within the SCR as a function of 
time from start of current flow and the 
instantaneous value of on-state anode cur- 
rent, Used as follows, this chart yields 
average dissipation information for any anode 
current wave-shapes: 
1, Plot the anode current waveform on 
this chart. 
2. On linear paper, replot instantaneous 
on-state power dissipation versus time. 
The area under the curve gives watt 
seconds of energy dissipated per anode 
current pulse, 
3. Multiply the energy by the repetition 
rate to give average power dissipation. 


EO) 


pc 
SUPPLY 
* LINEAR 
dv/dt 
SUPPLY 


INVERSE PARALLEL 
DIODE 


CURRENT VOLTAGE (FOR Ci38 TYPES) 


GROUND 


OSCILLOSCOPE 
CONNECTIONS 


6. Pulse Turn-Off Time Basic Test Circuit 


2. CONDITIONS STATED ON SINUSOIDAL CURRENT 


RATING CHARTS APPLY. 


3. CASE TO AMBIENT THERMAL RESISTANCE 
REQUIREMENTS FOR THERMAL STABILITY 
MUST BE MET. SEE PARAGRAPH ENTITLED 
"BASIS OF VOLTAGE RATINGS" 


40 


This chart provides a rapid means 
of determining anode dissipation 


40M 


100 200 400 1000 2M 4M 


PULSE BASE WIDTH - MICROSECONDS 


7. Energy Per Pulse For Sinusoidal Pulses 


with half-sine-wave pulses, Multi- 
ply the energy per pulse by the 
repetition rate to obtain average 
anode dissipation. 


100M 


CONVENTIONAL CKT. 
COMMUTATED TURN OFF-TIME-ySEC, 


MAXIMUM ALLOWABLE CASE TEMPERATURE ~—°C 


AVERAGE POWER DISSIPATION- WATTS 


LOW di/dt RATE DATA 


NOTES: 
|. RECTANGULAR CURRENT PULSES, 50 
MICROSECOND MINIMUM DURATION. 


2.SEE CHARACTERISTIC TABLE FOR 
OTHER TEST CONDITIONS. 


100 =O 


APPLIES FOR ANODE CURRENT RATE OF RISE OF IO AMPS 
PER MICROSECOND. 


. MAXIMUM CIRCUIT dv/dt = 200 VOLTS PER ySEC. 
. SEECHART 8 FOR APPLICABLE TURN-OFF TIME LIMIT. 


. RATINGS DERIVED FOR 10 WATT AVERAGE GATE 
POWER DISSIPATION. 


. CASE TO AMBIENT THERMAL RESISTANCE. REQUIREMENTS 
FOR THERMAL STABILITY MUST BE MET. SEE PARAGRAPH 
ENTITLED "BASIS OF VOLTAGE RATINGS." 


% DUTY CYCLE= 
t x100 


rae) 1o0)— «WO 120 


80 
PEAK ON-STATE CURRENT- AMPERES 


90 


NOTES: 

|. JUNCTION TEMPERATURE = 125°C. 

2.APPLIES FOR ANODE CURRENT RATE OF RISE 
OF IO AMPERES PER MICROSECOND. 


3.RATED AVERAGE GATE POWER DISSIPATION AND 
BLOCKING LOSSES INCLUDED. 


% DUTY cyce ‘389 


PEAK ON-STATE CURRENT~AMPERES 


130 


This chart gives the guaranteed maximum 
turn-off time of the C138 and C139 as a 
function of the on-state current, The use of 
this chart is necessary for rectangular anode 
current pulses of the specified pulse width 
and frequency. 


8. Maximum Conventional Circuit-Commutated 
Turn-Off Time vs Peak On-State Current 


This chart is used when the SCR is carrying 
rectangular current with no significant turn- 
on switching duty. 


9. Maximum Allowable Case Temperature For 
Rectangular Current Waveform 


This chart provides a rapid means of deter- 
mining SCR dissipation with low values of 
di/dt. 


10. Average Power Dissipation For Rectangular 
Current Waveform 


INSTANTANEOUS ON-STATE CURRENT -AMPERES 


APPLIES FOR CURRENT 
WAVEFORM WITH RISE TIME, 
ZERO TO PEAK, 2 lO00ySEC. 


i eS 
2 


105 4 6 8 10 12 14 


2 
INSTANTANEOUS ON-STATE VOLTAGE -VOLTS 


40 


11, Maximum On-State Characteristics 
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The General Electric C140 and C141 Series of Silicon Controlled Rectifiers are reverse blocking 
triode thyristor semiconductor devices designed primarily for high-frequency power switching 
applications which require blocking voltages up to 400 volts and load currents up to 35 amperes 
RMS, at frequencies up to 25 kHz. 

For line commutated applications (phase control, AC switching) at power line frequencies, up 
to 35 amperes RMS, the following preferred SC R types are recommended: C35 (Pub. #160.20), 
and C137 (Pub. #160.45). 


The C140 and C141 Series feature: 


¢ Contoured junction surfaces for high-voltage stability 
e Shorted emitters for high dv/dt (200V/ysec) 
e Distributed gates for high di/dt (400A/ysec) 


The improved dynamic character- 
istics and the interdynamic balance 
of these characteristics permit the 
operation of these General Electric 


ALLOWABLE PEAK - ANODE - CURRENT IN AMPS 


SINUSOIDAL WAVEFORM Nott = lus (cla) SCR’‘s up to 25 kHz with specified 
180° CONDUCTION SIShS (C190) « 7 
65°C CASE turn-off times and dv/dt main- 
400 V BLOCKING i 
tained. 
°50 100 200 500 ik 2k SK 1OK 20K 25K 
FREQUENCY IN HERTZ 
Equipment designers can use the C140 and C141 This specification sheet uses a simpligied and easy- 
SCR's in demanding applications such as: to-use rating system which graphically presents: 
¢ Choppers ¢ Case Temperature 
¢ Inverters © Peak Anode Current 
© Regulated power supplies ¢ dv/dt and Turn-off Times 
e Cycloconverters 
¢ Ultrasonic generators for rectangular and sinusoidal anode-current wave- 
¢ High frequency lighting forms 


¢ Sonar transmitters 
¢ Induction heaters 
© Radio transmitters 
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C140, C141 | 


MAXIMUM ALLOWABLE RATINGS 


C140F (2N3649) 


C141F (2N3654) 50 volts* 


C140A (2N3650) 


C141A (2N3655) 100 volts* 


C140B (2N3651) 


C141B (2N3656) 200 volts* 


C140C (2N3652) 


C141C (2N3657) 300 volts* 


C140D (2N3653) 


C141D (2N3658) 400 volts* 


Turn-On Current Limit (See Chart 10) 


50 volts* 


100 volts* 


200 volts* 


300 volts* 


400 volts* 


50 volts* 75 volts* 


100 volts* 150 volts* 
200 volts* 300 volts* 
300 volts* 400 volts* 


400 volts* 500 volts* 


400 amperes per psec* 


RMS Forward Current, On-State 


35 amperes 


DC Forward Current, On-State, Te = 40°C 


Peak Rectangular Surge Forward Current (5.0msec width, t, = 50usec) Ivy (surge) 
165 ampere? seconds (for times = 1.0 millisecond) 


I*t (for fusing) 


25 amperes* 


180 amperes* 


40 watts* 


Peak Gate Power Dissipation, Poy 


1.0 watt* 


Average Gate Power Dissipation, Pg, AY) 


10 volts* 


Peak Reverse Gate Voltage, Very 
Peak Forward Gate Current, Igry 


6.4 amperes* 


Reverse Recovery Energy 


0.002 watt sec. 


Storage Temperature, Ti, 


—65°C to +150°C* 


Operating Temperature, T, 


— 65°C to +120°C* 


Stud Torque 


30 Lb-in (35 Kg-Cm) 


MIN, | 


: 


PULSE CIRCUIT 
COMMUTATED 
TURN-OFF TIME 


C140 (2N3649-53) 
C141 (2N3654-58) 


_ tye. [max | u 
15* 
10* 
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CHARACTERISTICS 


See Charts 1 and 4. Te = +115°C, Ivu 
= 100 amps, Approx. Sinusoidal current 
waveform (ti = 1.0 usec, tp = 2.05 22° 
usec), No delay reactor, Pulse rep. rate 
usee = 400 Hz. Vexm = Rated, Vaxx = 200 
usec volts, Vx = 80 volts. Rate of rise of reap- 
plied forward blocking voltage (dv/dt) 
= 200 volts/usec (linear ramp). Gate 
supply: 20 volts open circuit, 20 ohms, 
1.5 usec square wave pulse, Rise time = 
0.1 usec max. 


CHARACTERISTICS (Cont.) e140 Cial 


DC REVERSE OR Tc = + 25°C 
FORWARD BLOCKING 
CURRENT (1) 


C140F (2N3649) . - Vao = Vro = 50V DC 
C141F (2N3654) 


C140A (2N3650) : A Vro = Vro = 100V DC 
C141A (2N3655) 


C140B (2N3651) . 5 Vro = Vro = 200V DC 
C141B (2N3656) 


C140C (2N3652) . . Vro = Vro = 300V DC 
C141C (2N3657) 


C140D (2N3653) . ‘l Vino = Vro = 400V DC 
C141D (2N3658) 


GATE TRIGGER mAdc ee C, Vex = 6Vde, 
CURRENT R= = 4 ohms 


mAde = —65°C, Vex = 6Vdce, 
Ri = 2 ohms 


PEAK ON-VOLTAGE Te = +25°C, Tew = 25A 
1lmsec. pulse. Duty cycle = 1% 


(1) Maximum case to ambient thermal resistance for which maximum Vro, Vro ratings apply equals 5°C/watt. 
*Indicates values included in Jedee Type Number Registration. 
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C140,C0141 


GATE FOR 
SCR2 


tog (PULSED 


| 
SCR I (TEST | LINEAR dv/dt 
DEVICE) SUPPLY 


i} 
4 


: 
: 
i 


—— 
REVERSE FORWARD 


—— 


CURRENT VOLTAGE 
GROUND 
Ra 
OSCILLOSCOPE 
CONNECTIONS 


2. PULSE TURN-OFF TIME BASIC TEST CIRCUIT 


vores! T TT PT TT TTT 
t——-+-4] CURRAN ENTS SHOWN HEREOH Masy | BE MET ~ 
ANODE CURRENT. RATE OF RISE 2 


1. WAVEFORMS FOR PULSE TURN-OFF TIME TEST Leis taenases agers @ vem sas 


13) MINIMUM PERMISSIGLE GATE DRIVE * Z0VOLTS 
CUIT, 20 OHMS. LOWER GATE DRIVE 


4 May cause GEVICE FAILURE. ai| 
} (4) MINIMUM PERMISSIBLE GATE PULSE wiorne | 
4 


ores: | | piece MAXIMUM GATE PULSE RISE TIM 
iS #LSEC. 
(IPAVERAGE POWER: WATT-SEC PER PULSE X REP RATE AS 
(2) MAX. ALLOWABLE CASE TO AMBIENT THERMAL 
RESISTANCE = 5°C PER WATT WITH RATED 


BLOCKING VOLTAGE APPLIED mF 


seo | 


(5) base TEMPERATURE « +25°C TO +120°C 
(6) CURVES SHOW MAXIMUM ALLOWABLE PEAK ~] 
GATE POWER DISSIPATION VS. PULSE WIOTH. | 
7) MAXIMUM ALLOWABLE -AVERAGE Gate Power | 
DISSIPATION = 2.0 WA 
4 + 


1900 


32 


2 
3 
° 


3 
5 


INSTANTANEOUS GATE VOLTAGE — VOLTS 
ry 


rs 
° 


PEAK FOWARD CURRENT— AMPERES 


PULSE BASE WIDTH — MICROSECONDS 


3. ENERGY PER PULSE FOR SINUSOIDAL PULSES 


. ow . 6 24 3.2 40 4.8 36 
This chart provides a rapid means INSTANTANEOUS GATE CURRENT — AMPERES 


of determining anode dissipation 4. GATE TRIGGER REQUIREMENTS FOR HIGH FREQUENCY 


with half-sine-wave pulses. Multi- AND HIGH di/dt OPERATION 
ply the energy per pulse by the 


repetition rate to obtain average 


anode dissipation. OUTLINE DRAWING 
{COMPLIES WITH JEDEC TO-48) 


6.4 


NOTES: 


1. Complete threads to extend to 
seuse . iets MILLIMETERS 
within 2% threads of seating (COMPLIES WITH JEDEC TO-48) MIN 
plane. Diameter of unthreaded 
oe 


portion .249” (6.32MM) Maxi- | A | 
mum, .220” (5.59MM) Minimum Tot 715 
2. Angular orientation of these 
terminals is undefined. | ob) | 
3. Y-28 UNF-2A. Maximum pitch 
diameter of plated threads shall SEE NOTES | od | 
§ ane - i Eee 


be basic pitch diameter .2268” 
(5.76MM), minimum pitch diam- 


eter .2225” (5.66MM), reference: SEE ain aes 
screw thread standards for Fed- = a ——— Aa/aN aa 
eral Service 1957, Handbook -[ |--f—- W (00000 oe 
H28, 1957, P1. é 
4. A chamfer (or undercut) on one @ — f | 
or both ends of hexagonal por- ® fl rt 
tions is optional. #D 
: Rives 


5. Case is anode connection. 
6. Large terminal is cathode con- N 
nection. 
7. Small terminal is gate connec- — 
tion. SEE NOTES 
8. Insulating kit available upon re- 2a7 
quest. SEATING ae 
A. “%-28 steel nut, Ni. plated, .178 PLANE J 
min. thk. 
B. Ext. tooth lockwasher, 
steel , Ni. plated, .023 min. thk. 786 


SINE WAVE DATA C140,C141 


NOTES , oa ai {| 


1 MAXIMUM CASE TEMPERATURE 65°C 
2, FOR SINUSOIDAL ANODE CURRENT 
WAVEFORM ONLY 

3. MINIMUM CIRCUIT TURN-OFF TIME 1 
CI40 Sys 
CI4} Ops 

4. MAXIMUM CIRCUIT dv/dt = 200v/ps 

5. RATED FORWARD BLOCKING VOLTAGE 

6. REVERSE BLOCKING VOLTAGE 
vy; = 200V MAX) 
vee 30V SEE FIG. ! | 

7. REQUIRED GATE DRIVE 

20 VOLTS OPEN CIRCUIT 

20 OHMS SOURCE 

1.5 ys MIN PULSE WIDTH 


=e 
i 


4 6 68 10 20 40 80 100 200 400 600 800 100 2000 


PEAK FORWARD CURRENT - AMPERES 


SS RS A OS FA A 
Prey 


PULSE BASE WIDTH ~ MICROSECONOS 


5. MAXIMUM ALLOWABLE PEAK FORWARD CURRENT vs PULSE WIDTH (Tc = 65°C) 


1000 
— FE SCnores: 
00 |. MAXIMUM CASE TEMPERATURE =90°C 
Cy 2. FOR SINUSOIDAL ANODE CURRENT 


WAVEFORM ONLY 
3. MINIMUM CIRCUIT TURN-OFF TIME 
C40 (Sys 
CI41 10ye 
4. MAXIMUM CIRCUIT dv/dt = 200v/u8 
5. RATED FORWARD BLOCKING VOLTAGE 
6. REVERSE BLOCKING VOLTAGE 


. X 
vprms ooy MA [see FIG.A 


ff 
Cy 


Y VI hi 


Le] 
= 7. REQUIRED GATE DRIVE 
150 20 VOLTS OPEN CIRCUIT 
‘f 20 OHMS SOURCE 
1.5 ys MIN PULSE WIDTH 
im 
100 O.lys MAX RISE TIME 
80 


PEAK FORWARD CURRENT - AMPERES 


PULSE BASE WIDTH - MICROSECONDS 


6. MAXIMUM ALLOWABLE PEAK FORWARD CURRENT vs PULSE WIDTH (Tc = 90°C) 


NOTES: vTT 
|. MAXIMUM CASE TEMPERATURE = 115°C 
2, FOR SINUSOIDAL ANODE CURRENT 


++444 WAVEFORM ONLY 4 
3. MINIMUM CIRCUIT TURN-OFF TIME 
CI40 iSps 


14) Ou 

4 MAXIMUM CIRCUIT dv/dt «200v/pe 
imal 5. RATED FORWARD BLOCKING VOLTAGE 

6. REVERSE BLOCKING VOLTAGE 

Mie to ment SEE FIG. 
ij] RX ml 
7 REQUIRED GATE ORIVE 
20 VOLTS OPEN CIRCUIT 


20 OHMS SOURCE 
4.5 ys MIN PULSE WIDTH 
= Ol ys MAX RISE TIME 
ad Ss 
80 = 


I Es 


PEAK FORWARD CURRENT — AMPERES 


2 4 6 sn 20 a 60 80 WO 200 400 600 800 1000 


PULSE SASE WIDTH - MICROSECONOS 


7. MAXIMUM ALLOWABLE PEAK FORWARD CURRENT vs PULSE WIDTH (Tc = 115°C) 


Charts 5, 6 and 7, for three case temperatures 65°C, 90°C, and 115°C, give the maximum value of peak forward current at which the speci- 
fied turn-off time and dv/dt still apply. The specified gate drive requirements must be adhered to. 
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C140, C141 


LOW REPETITION RATE DATA 


(1) RECTANGULAR CURRENT PULSES, 50 
MICROSECOND MINIMUM DURATION 
(2) MAXIMUM CASE TEMPERATURE = 120°C 
(3) RATE OF RISE AND FALL OF CURRENT LESS THAN 10 AMPERES PER ysec 
(4) FREQUENCY 50 TO 400 Hz 


CIRCUIT COMMUTATED TURN- OFF TIME - usec 


ea 


naan 


an 


(5) MAXIMUM dv/dt =200 VOLTS PER psec 
SEE CHARACTERISTIC TABLE FOR OTHER 


TEST CONDITIONS 


140.12 
140.22 
140.23 
140.47 


8. MAXIMUM CONVENTIONAL CIRCUIT-COMMUTATED TURN-OFF 


20 30 40 50 60 70 


PEAK FORWARD CURRENT — AMPERES 


se 7 140.48 


145.55 
160.35 
160.39 
170.35 
170.36 
170.37 
170.38 
170.42 
170.44 
170.45 
170.53 
170.57 
170.76 
170.80 


TIME vs PEAK FORWARD CURRENT, ON-STATE 


tT Tr IT 


cr T a a ed | 
T- Notes 
41) DO NOT USE THIS CURVE WHEN 


ANODE CURRENT RATE OF RISE 
2 10 AMPERES PER MICROSECOND. 
SEE CHART 10 


(2) RECTANGULAR GATE VOLTAGE PULSES 
APPLIED WITH PULSE RISE TIME 
EQUAL TO t0% OF PULSE WIOTH 


(3) ANODE SUPPLY 
6 VOLTS . 2 OHMS AT ~65°C 
6 VOLTS 4 OHMS AT +25°C 


(4) SHADED AREA REPRESENTS LOCUS 
OF POSSIBLE TRIGGERING POINTS 
FOR VARIOUS GATE PULSE WIDTHS 
ANO TEMPERATURES 


200.38 
200.41 


- VOLTS 


200.42 
200.49 


660.13 


INSTANTANEOUS GATE VOLTAGE 


660.14 


660.15 


660.16 


[ke 
Co) 0.2 0.4 06 0.8 4.0 4.2 14 
INSTANTANEQUS GATE CURRENT - AMPERES 


9. PULSE GATE TRIGGER CHARACTERISTICS 671.4 


671.15 


INSTANTANEOUS VALUE OF 
ANODE CURRENT MUST 
NEVER EXCEED TURN~ON 
CURRENT LIMIT LINE SHOWN 


NOTES: 
f 


-  6OHZ 
2. CASE TEMPERATURE ®+25°C T0120 °C 
3. SWITCHING FROM RATED BLOCKING 
VOLTAGE 


4 REQUIRED GATE TRIGGER PULSE 
(a) 20 VOLT OPEN CIRCUIT {CURVE A) 


MAX ALLOWABLE FORWARD CURRENT — AMPERES 


20 


5 VOLT OPEN CIRCUIT (CURVE B) 
(Te + +120°C) 
10 VOLT OPEN CIRCUIT (CURVE 8) 
(Tes +25°C) 
(b) 20 OHM SOURCE 
(ce) PULSE WIDTH = 2.0 4 SEC 


(6) PULSE RISE TIVE = 0.1 SEC 


2 elt 


L 


i 
04 G6 08 10 20 40 60 80 10 20 40 0 100 


TIME FROM START OF CURRENT FLOW-MICROSECONDS 


10. TURN-ON CURRENT LIMIT 
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This chart gives the guaranteed maximum 
turn-off time of the C140 and C141 as a fune- 
tion of the forward current. The use of this 
chart is necessary for rectangular anode cur- 
rent pulses of the specified pulse width and 
frequency. 


Specification Sheets 


1N3879 Series (6 amp) Fast Recovery Diode 
1N3889 Series (12 amp) Fast Recovery Diode 
A28 Series (12 amp) Very Fast Recovery Diode 
1N3899 Series (20 amp) Fast Recovery Diode 
1N3909 Series (30 amp) Fast Recovery Diode 
A96 Series (250 amp) Fast Recovery Diode 

C140 Series (835A) 50-400V High Speed SCR 
C144 Series (835A) 500-800V High Speed SCR 
C154-7 Series (110 amp) High Speed SCR 

C158, 9 Series (110 amp) High Speed SCR 

C385 Series (250 amp) High Speed SCR 

C358 Series (225A) High Speed SCR 

C395 Series (550A) up to 600V, High Speed SCR 
C388, C387 Series (550A) High Speed SCR 
C398, C397 Series (700A) High Speed SCR 

C185 Series (235 amp) High Speed SCR 

C354, 5 Series (115 amp) High Speed SCR 

C506 Series (625 amp) High Speed SCR 

C510 Series (625 amp) High Speed SCR 


Application Notes 
“Application of Fast Recovery Rectifiers” 
“Simple Circuits For Triggering SCR’s Into 
Fast-Rising Load Currents” 
“Commutation Behavior of Diffused High Cur- 
rent Rectifier Diodes” 
“A Low Cost Ultrasonic Frequency Inverter 
Using A Single SCR” 


Technical Paper Reprints 
“The Rating and Application of SCR’s De- 
signed for Switching at High Frequencies” 
“Basic Magnetic Functions in Converters and 
Inverters Including New Soft Commutations” 
“SCR Inverter Commutated By An Auxiliary 
Impulse” 
“An SCR Inverter With Good Regulation and 
Sine Wave Output” 


Seminar Notes 


“The Widening World of The Fast Recovery 
Rectifier Diode” 
“The Amplifying Gate SCR” 


*For copies of any published information, please order by decimal publica- 
tion number from: General Electric Company, Distribution Services, 1 
River Road, Schenectady, N. Y. 12305. 


In no circumstances may the SCR anode cur- 
rent waveform, when plotted in this curve, 
cross the turn-on current limit line. If it does, 
the SCR may he destroyed. Two lines are 
given; one for required gate drive in high 
di/dt applications and the other for gate drive 
that will just turn the SCR on. The user must 
take care that, in a circuit capable of produc- 
ing high di/dt anode current, no gate pulses 
of insufficient magnitude (due to noise for 
example) triggers, and thus possibly damages, 
the SCR. 


INSTANTANEOUS FORWARD CURRENT - AMPERES 


LOW REPETITION RATE DATA C140, C141 


(t) USE FOR CALCULATING APPROXIMATE AVERAGE This chart gives the instantaneous power dissi- 
POWER DISSIPATION TO DETERMINE HEATSINK REQUIREMENTS pated within the SCR as a function of time 
(2) MAX ALLOWABLE CASE TO AMBIENT THERMAL ¥ 
RESISTANCE =5°C PER WATT WITH RATED from start of current flow and the instantane- 


BLOCKING VOLTAGE APPLIED. 


ous value of forward anode current. Used as 
follows, this chart yields average dissipation 
information for any anode current wave- 
shapes: 


1. Plot the anode current waveform on this 
chart. 


2. On linear paper, replot instantaneous 
forward power dissipation versus time. 
The area under the curve gives watt sec- 
onds of energy dissipated per anode 
current pulse. 


3. Multiply the energy by the repetition 
rate to give average power dissipation. 


° 
0.1 0.4 10 4.0 10 40 100 400 1000 4000 10,000 


TIME FROM START OF CURRENT FLOW -ysec 


11. INSTANTANEOUS FORWARD POWER DISSIPATION 


() FREQUENCY 50 TO 400 Hz 

(2) USE THIS CURVE ONLY WHEN ANODE CURRENT RATE 
OF RISE IS LESS THAN TEN AMPS PER psec 

(3) CURVES OERIVED FOR MAXIMUM GATE AND FORWARD 
BLOCKING POWER DISSIPATION. 

(4) MAXIMUM ALLOWABLE CASE TO AMBIENT THERMAL 
RESISTANCE = 5.0 °C PER WATT 

(5) MAXIMUM CIRCUIT dv/dt = 200 VOLTS PER ysec 


(6) SEE CURVE & FOR APPLICABLE TURN-OFF TIME LIMIT 


140 
120 


100 This chart is used when the SCR is carrying 


rectangular current with no significant turn-on 
80 


switching duty at a repetition rate between 
50 and 400 pulses per second. 


60 


aise 

N Ss ti= 
INTE: Mest eh Id 
Paasche 


0 80 
PEAK FORWARD CURRENT ~ AMPERES 


a0 


MAXIMUM ALLOWABLE CASE TEMPERATURE -°C 


20 


12, MAXIMUM ALLOWABLE CASE TEMPERATURE FOR 
RECTANGULAR CURRENT WAVEFORM 


Le Se ee ea an Be 

NOTES: 

(1) CASE TEMPERATURE +25°C TO +120°C 

(2) RATEO AVERAGE GATE OISSIPATION ANDO 
BLOCKING POWER DISSIPATION INCLUDED 

{3) USE THIS CURVE ONLY WHEN ANODE CURRENT) 
RATE OF RISE 1S LESS THAN 10 AMPS 
PER psec 


(4) FREQUENCY -50 TO 400 Hz 


aa i This chart provides a rapid means of deter- 


DUTY CYCLE 
1=100% 


mining SCR dissipation with low values of 
di/dt. It is applicable only between 50 Hz 
and 400 Hz. 


AVERAGE POWER DISSIPATION - WATTS 


°o 10 20 30 40 50 60 70 80 90 100 Wo 120 


PEAK FORWARD CURRENT — AMPERES 


13. AVERAGE POWER DISSIPATION FOR RECTANGULAR CURRENT WAVEFORM 
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C140,C141 


EXAMPLE I. 
Problem: 

Find the maximum allowable average anode current that 
can be carried by a C141 if the pulse is 50 zseconds wide 
and the pepe ion rate is 5000 Hz. The case is held at,80°C. 
What is the dissipation in the SCR? Find the maximum 
permitted thermal resistance between case and cooling air 
at 45°C. Assume the gate and blocking losses total 1 watt. 


Answer: 


From Chart 5 (65°C) the maximum permitted peak cur- 
rent at 5000 Hz, 50 usec pulse width is 72 amperes; Chart 
6 (90°C), 45 amperes; Chart 7 (115°C), 10 amperes. 
Interpolation gives the permitted peak current at 80°C as 


55 amperes peak. 
2 Pulse Width 


(High Frequency Sinusoidal Pulse) 


The average current = Ip X = x Pulse Period 
2 50 
= 55 x = x 200 = 8.8 amps average 


From Chart 3 at 50 uwseconds pulse width and 55 amperes 
peak current the energy dissipated per pulse is 0.004 watt- 
seconds per pulse. The average anode dissipation is 0.004 x 
5000 = 20 watts. 
From this information the heatsink can be chosen using 
the equation: 

Maximum case to cooling fluid thermal resistance 


__ _Case Temperature — Cooling Fluid Temp. 
™ Anode Dissipation + Gate & Blocking Losses 


80 — 45 5 
= p71 = 1.7°C/watt. 
Note that a turn-off of 10 useconds and a dv/dt of 200 
volts/uzsecond can be applied concurrently to the C141 at 
the above current and temperature conditions. 


EXAMPLE Il. 


Problem: 

A C140 is carrying a 20 amp rectangular pulse, 833 ysec- 
onds wide at a repetition rate of 400 pulses per second. The 
initial di/dt is 5 amps per uwsecond. What is the maximum 
allowable case temperature? What is the power dissipation? 
What turn-off time and dv/dt may be applied to the C140? 


Answer: 
An 833 usecond pulse in a 2.5 ms period gives a duty cycle of 


Se. x 100 = 30%. Chart 12 shows that with this duty 


cycle a 20 amp rectangular pulse has a maximum allowable 
case temperature of 98°C. Chart 18 gives the total dissipa- 
tion as 13.5 watts. 

From Chart 8, 20 amps forward current permits a turn-off 
time of 16 useconds and a dv/dt of 200 volts/usecond to be 
applied concurrently. 


EXAMPLE Ill. 


Problem: 

What is the maximum allowable case temperature for a 
C141 carrying the following anode current waveform: 
What turn-off time and dv/dt may be applied? 


{Low Frequency, Low di/dt Pulse) 


(High Frequency, Irregular Pulses) 


<——___—. 200y 


———___~____» 


Answer: 

No rigorous method has yet been developed for handling 
this case. The following method is approximate only but 
provides a conservative answer. 


The di/dt of the initial pulse imposes the most severe strain 
on the SCR during the cycle. Use the initial half cycle to 
establish a case temperature and then lower the case tem- 
perature by an amount = effective thermal resistance 
(DC) of the SCR xX wattage dissipated during the rest of 
the cycle (t, to tz) to establish the maximum permitted 
case temperature. 

The average anode dissipation (time t. to te) can be found 
by means of Chart 11 (for method see Example IV). The 
energy dissipated per pulse is 0.0032 watt-seconds. The 
average anode dissipation = 0.0032 watt-seconds x 5000 
pulses per second = 16 watts. 


Chart 6 shows that’a 5000 Hertz, 50 ampere, 20 usecond 
pulse requires a case temperature of less than 90°C. Sub- 
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HOW TO USE THIS SPECIFICATION SHEET 


tract from this case temperature a temperature of 1.7 
°C/watt X 16 watts = 27°C to give the maximum permitted 
case temperature, with the given waveform, of 90°C — 
27°C = 63°C. As the end of the current pulse is rectangu- 
lar, Chart 8 will have to be used to find the required turn-off 
time which is 16useconds. The concurrent dv/dt is 200 
volts/usecond. 
EXAMPLE IV. (Low Frequency, Irregular Pulses With High 
Initial di/dt) 

Problem: 


What is the maximum allowable case temperature for a 
C141 carrying the following anode current waveform? 


Answer: 

Check the initial di/dt by plotting the first 10 useconds of 
current flow on Chart 10. The waveform is found to be 
within safe limits provided that the high gate pulse shown 
on Chart 4 is used. Note that an inadequate gate pulse could 
destroy the SCR. To find the anode dissipation, plot the 
anode current waveform on Chart 11. 


Replot the intersections of anode current with the instan- 
taneous power lines. In this case it is convenient to replot 
the first 40 ywseconds of current flow separately in order 
to use a convenient scale. 


2 


INSTANTANEOUS POWER DREFATION IN KW 
3 


‘Taat PROM STANT OF CURRENT FLOW IN yo 


By graphical integration, the energy per pulse for the first 
40 useconds is seen to be 0.12 watt-second. To this must be 
added the energy dissipated during the rectangular portion 
of the pulse which is 40 watts x 8.3 ms = 0.33 watt-seconds. 


Thus the total energy dissipated per pulse is 0.12 + 0.33 = 
0.45 watt-seconds. The average dissipation due to anode 
current flow is 0.45 watt-seconds x 60 pulses per second = 
27 watts. 


As the repetition rate is within the limits of 50 to 400 Hz 
a convenient way of ascertaining the maximum permitted 
case temperature is to convert the high di/dt irregular 
waveform to a low di/dt rectangular pulse with the same 
dissipation. 

From Chart 13, a 27 watt, 50% duty cycle pulse gives an 
average anode current of 25 amperes peak. 

From Chart 12, a 25 ampere, 50% duty cycle current gives 
a maximum allowable case temperature of 75°C. 

Note: For repetition rates lower than 50 Hz, the tempera- 
ture excursion within the SCR each cycle becomes too high 
for the use of Charts 12 and 13. The procedure for dealing 
with these very-low-frequency pulses is discussed in the 
General Electric SCR Manual, 3rd Edition, Chapter 3. 


The General Electric C144 Silicon Controlled Rectifier is a reverse blocking triode thyristor 
semiconductor device designed primarily for high-frequency power switching applications which 
requires blocking voltages from 500 to 800 volts and load currents up to 35 amperes RMS, at 
frequencies up to 10 kHz. The C144 is characterized for rectangular and sine wave operation. 


The C144 utilizes a new voltage rating system which allows high voltage blocking capability 
while approaching the short turn-off time characteristics of a low blocking voltage SCR. 


Equipment designers can use the C144 SCR in demanding applications such as: choppers, 
inverters, regulated power supplies, cycloconverters, ultrasonic generators, high frequency 
lighting, induction heaters, radar and sonar transmitters, laser pulsers, pulse modulators. 


MAXIMUM ALLOWABLE RATINGS 


CI44E15E, C144E30E 500 Volts 500 Volts 500 Volts 600 Volts 
C144M15M, C144M30M 600 600 600 720 


C144S15M, C144S30M 700 600 700 840 


C144N15M, C144N30M 800 600 800 1000 


RMS On-State Current, It(Rms) «6 0 6 ee So ies teat ale Cee has nat ae ee tahennele 35 Amperes (all conduction angles) 
Critical Rate-of-Rise of On-State Current, di/dt: (5) 
Gate triggered operation: 


Switching from 500 volts (500 volt types). 2 2 6 1 ew ee ee ee eee ee ee ee es « LOO Amperes per microsecond 

Switching from 600 volts (600, 700, 800 volt types) ........-4.2.- + + ee « + « « 100 Amperes per microsecond 
Peak One Cycle Surge (non-rep) On-State Current, Igy. . . ee ee ee a ee ew ot we we « 250 Amperes 
Peak Rectangular Pulse Surge (non-rep) On-State Current (5.0 Mace: t,=5 Ousec) TS NA 2d: 25.88) RNS ie ae a ha ee a EO 225 Amperes 
12t (for fusing), for times 2 0.5 milliseconds . 2. 6 wk ee ee 165 Ampere2 seconds 
Peak Gate Power Dissipation, Pay... 6 ee ee et ee ee ee ee 40 Watts for 100 Microseconds 
Average Gate Power Dissipation, Pg (ay) .. + 1 + + ee et es hype e ey el lees Reb aur aN awieiciiel, “ainsi SeBm (oc on Leh 7h dards ve . 1.0 Watts 
Peak Negative Gate Voltage, Vem. 0 ee ee - ae ss « 10 Volts 
Storage Temperature, Tstg + + + + se et ee es iy Biofees Be das Seeares bgecide Mad dy 28, washed ie —65°C to +150°C 
Operating Temperature, Ty 6 6 ee ee ~ 65°C to +125 
Maximum: Stud Torque: ua- aa: fe cede ak cab es ese a Sa. a Be kB ae oe Rh, Dh ce Ee RW se ay ese a . 30 Lb-in (35 Kg-cm) 
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CHARACTERISTICS 


Peak Reverse and Off- Te = —65°C to +125°C 
State Current (2)(6) _ Ver RM > Vp RM > $00 Volts Peak 


Critical Rate of Rise 

of Off-State Voltage 

D.C. Gate Iot 

Trigger Current = —65°C, Vp = 6Vde, Ry = 2 ohms 


D.C. Gate : = 25°C, Vp = 6 Volts, RL = 4 ohms 
Trigger Voltage : Tc = —65°C, Vp = 6 Volts, Ry. = 2 ohms 
Tc > 125°C, Rated Vorm> Ru = 500 ohms 


700 
800 


Peak On-State . Te = 25, Iyy = 100 A Peak, 2 1, $2 
Voltage msec, wide pulse. Duty cycle S$ 2%. 


Holding Current Anode Source Voltage = 24 Vdc. Peak 
Initiating On-State Current = 3A, 0.1 to 
10 msec pulse. Tc = 25°C, Gate source = 
10V, Open Circuit, 20 ohms, 100 psec 
pulse Tc = —65°C, Gate source = 20V, 
Open Circuit, 20 ohms, 100 psec pulse. 


Pulse Circuit Te = LIS°C, Ip = 100A Peak. Approxi- 
Commutated Turn- mately Sinusoidal Current Waveform. 
Off Time See Chart II for time references. On- 
State Current Pulse Time to peak (t2— 
t,) = 7.5 psec. On-State Current Pulse 
C144-15- Types Base (t3—t,) = 15. usec (+1.5-0 usec). 
Repetition Rate = 400 PPS. PRV (ts) = 
500 Volts max. Reverse Voltage (tg) = 
C144.30- Types 30 Volts. Peak Off-State Voltage (tg) = 
Rated Vorm.- Peak Off-State Voltage 
(to) equals: 500 Volts for 500 Volt 
types; 600 Volts for 600, 700 and 800 
Volt types. Rate of Rise of Re-applied 
Off-State Voltage (Linear Ramp): (tg 
to tg) = 200 Volts per psec. Gate Trigger 
Pulse = 20 Volts, 20 ohms. Gate Trigger 
Pulse Width (90% points) = 1.5 usec. 
Gate Trigger Pulse Rise Time (10% to 
90%) = 0.1 psec. Gate Bias during Turn- 
Off Time interval = 0 Volts, 20 ohms. 
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CHARACTERISTICS (Contd) 


Steady State : Junction to Case 
Thermal Resistance 


Conventional Circuit Tc = 125° Im = 10A Peak Rectangular 

Commutated Turn- Current Pulse, 50 psec duration. DI/DT 

Off Time < 10 Amps per microsecond. Commuta- 
tion Rate < 5A per usec. PRV = Rated 
Varm Volts max. Reverse Voltage at 

C144-15- Types end of Turn-Off Time interval = 15 
volts. Repetition Rate = 60 PPS. Rate of 

C144-30- Types Rise of Re-applied Off-State Voltage 
(dv/dt) = 200V/psec. Off-State Voltage 
= Rated Vor Volts. Gate Bias during 
Turn-Off Time interval = 0 Volts, 100 
ohms, 


NOTES: 


(1) Type designations are defined as follows, using Cl44N30M as an example: 
C 14 4 N 30 M 


Rated Switching Voltage 
Maximum Turn-Off Time (30 = 30 msec; 15 = 15 sec) 
Rated Repetitive Peak Off-State and Reverse Voltage 


(2) Values apply for gate terminal open circuited, (Negative gate bias is permissible). 


(3) Maximum case to ambient thermal resistance for which maximum voltage ratings apply equals 3,0C degrees per watt for Vp 
(DC voltage), 5.0C degrees per watt for Vory, and Verm. See paragraph, “Basis for Voltage Rating” for further information. 


(4) Half sine wave voltage pulse, 10 millisecond max. duration, 


(5)  di/dt rating is established in accordance with JEDEC Suggested Standard No. 7, Section 5.1.2.4 Off State (blocking) voltage 
capability may be temporarily lost immediately after each current pulse for duration less than the period of the applied pulse 
repetition rate, The pulse repetition rate for this test is 400 Hz. The duration of the JEDEC di/dt test condition is 5.0 seconds 
(minimum), Required gate drive = 20 volts, open circuit, 20 ohm source, 0,1 microsecond rise time, 1.5 microsecond pulse 
width, Repetitive di/dt capability is incorporated into peak current rating charts included in this specification sheet, 


(6) Maximum case to ambient thermal resistance for which maximum Vpry and Varm ratings apply equals 5.0 degrees C per 
watt, See paragraph entitled ‘Basis of Voltage Ratings”, for further information. 


PRELIMINARY DATA 


These ratings and characteristics are not necessarily definitive and are based only on the tests and findings made to date. 
Inasmuch as further information may be acquired, General Electric Company reserves the right to change these preliminary 
data without notice, Please contact your local General Electric Electronic Component Sales Manager for the latest status of 
data prior to ordering devices to the limits indicated by the. data. 
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C144 BASIS OF VOLTAGE RATINGS 


For The C144 Thyristor 


The C144 Thyristor is characterized for both inverter service and phase controlled service. Voltage ratings are given 
applicable to both types of service. 


For inverter service, the off-state and reverse voltage ratings are based on the waveform shown below: 


OFF-STATE 
VOLTAGE 
fe] 
° 
} 


={ PERMISSIBLE SWITCHING 
—\ VOLTAGE LEVELS 


REVERSE 
VOLTAGE 


| : 80 
PERCENT OF 
: 25 50 100 + CYCLE (IOHz 
TO 10 KHz) 


«a ———_ ONE CYCLE OF 
APPLIED VOLTAGE 


This waveform requires the use of a device case to ambient thermal resistance of 3.0 deg C per watt in order to assure 
thermal stability under maximum rated voltage and temperature conditions. 


The waveforms of the actual application must stay within the envelope shown for each voltage type. If the actual wave- 
forms do not stay within the envelopes shown for each voltage type then a heat sink with less than 3.0 deg C per watt 
must be used. Consult factory for assistance in heat sink selection to assure thermal stability. 


For phase controlled service, sinusoidal voltage waveform is assumed. A device case to ambient thermal resistance of 5.0 
deg C per watt maximum is required to assure thermal stability at maximum rated voltage and temperature conditions. 


It should be noted that the above thermal stability criteria apply even when no on-state conduction losses are present. 


OUTLINE DRAWING 
(COMPLIES WITH JEDEC TO-48) 


NOTES: 

1. Complete threads to extend to 
within 2% threads of seating INCHES MIR ue 
plane. Diameter of unthreaded MIN. MAX. N. xX. 


portion .249” (6.32MM) Maxi- 
mum, .220” (5.59MM) Minimum, 


905 


2. Angular orientation of these >t, 140 
terminals is undefined. $b 

3. %4-28 UNF-2A. Maximum pitch ' 
diameter of plated threads shall SEE NOTES 


be basic pitch diameter .2268” 34 &5 
(5.76MM), minimum pitch diam- 


eter .2225” (5.66MM), reference: 
screw thread standards for Fed- 


562 
200 


aeialee 


SEE NOTES 
286 


eral Service 1957, Handbook 
H28, 1957, Pl. 


4. A chamfer (or undercut) on one Th 
or both ends of hexagonal por- ® 
tions is optional. 
5. Case is anode connection. 
6. Large terminal is cathode con- 
nection. 
7. Small terminal is gate connec- 1.52 
tion. SEE NOTES 3.18 
8. Insulating kit available upon re- 2a7 
quest. SEATING 
A. %-28 steel nut, Ni. plated, .178 PLANE J 
min. thk, 
B. Ext. tooth lockwasher, 


steel ,Ni. plated, .023 min. thk. 
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INSTANTANEOUS ON-STATE CURRENT -AMPERES 


1000 om 
a ae nee NOTES: 
eon 7 7 as 130 | 4 |. RESISTIVE OR INDUCTIVE LOAD, 50 
TO 400 Hz. 
Lee atid ne sy 
ve pin penasl 120 2. CURVES APPLY FOR ANODE CURRENT 
? RATE OF RISE = 10 AMPERES PER 
Ke : ‘ MICROSECOND. 
— ii te 3, RATINGS DERIVED FOR 10 WATT 
| rg AVERAGE GATE POWER DISSIPATION. 
= 100 4.5°C PER WATT MAXIMUM THERMAL 
< RESISTANCE, CASE TO AMBIENT. 
200 tl a 
Hl = 
80 
3 
| ® 70 
100 t Lo) 
80 NOTE: | = 60 
APPLIES FOR CURRENT j aq 
60 oie a WAVEFORM WITH RISE TIME, 2 50 
125°C ZERO TO PEAK, 2 100,SEC. 3 
25°C J a 40 
40 — t = 
= 
1 eee ie Ys 2 30 L 
x 
| Z 20+ o 
20 4+— - } 
i lO 
| CONDUCTION 
ANGLE 
4 i fe) 5 10 15 20 25 30 35 40 
: : ° : ‘e Ie i$ AVERAGE ON-STATE CURRENT - AMPERES 
1 ‘MAXIMUM ON-STATE 2. MAXIMUM ALLOWABLE CASE TEMPERATURE VS. 
; ON-STATE CURRENT FOR SINUSOIDAL CURRENT 
CHARACTERISTICS WAVEFORM 
100 


NOTES: 
1, JUNCTION TEMPERATURE = 125°C. 
FREQUENCY = 50 TO 400 Hz. 


2. 
80 | 3. CURVES APPLY FOR ANODE CURRENT T 
RATE OF RISE = IO AMPERES PER pe 
MICROSECOND. 


60 
40 60° 
CONDUCTION 5 
ANGLE = 30° 

0° 180° 

20 + 
CONDUCTION 

ANGLE 
fe) Je =| 
° 5 10 15 20 25 30 35 40 


AVERAGE ON-STATE CURRENT ~ AMPERES 


. MAXIMUM AVERAGE POWER DISSIPATION FOR 
SINUSOIDAL CURRENT WAVEFORM 


NOTES: 

1, APPLIES FOR ANODE CURRENT RATE OF RISE OF 
10 AMPS PER MICROSECOND. 

2. MAXIMUM CIRCUIT dv/dt = 200 VOLTS PER mSEC, 

3. SEE CHART IO FOR APPLICABLE TURN-OFF TIME LIMIT. 

4, RATINGS DERIVED FOR lO WATT AVERAGE GATE 
POWER DISSIPATION. 

5. CASE TO AMBIENT THERMAL RESISTANCE, REQUIRE- 

MENTS FOR THERMAL STABILITY MUST BE MET, SEE 

PARAGRAPH ENTITLED "BASIS OF VOLTAGE RATINGS." 


&) AVERAGE ON-STATE POWER DISSIPATION - WATTS 


140 


100 This chart is used when 
the SCR is carrying rec- 
tangular current with 


no significant turn-on 


switching duty. 
sk 


sisted stl —L 
0 10 20 30 40 50 60 70 80 90 100 10 120 
PEAK ON-STATE CURRENT - AMPERES 


4. MAXIMUM ALLOWABLE CASE TEMPERATURE VS. ON- 
STATE CURRENT FOR RECTANGULAR WAVEFORM 
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MAXIMUM ALLOWABLE CASE TEMPERATURE - °C 
a 
fe) 


CONVENTIONAL CKT. 
COMMUTATED TURN OFF-TIME-»SEC. 


PEAK ON-STATE CURRENT - AMPERES 


70 


60 


NOTES: 

|, JUNCTION TEMPERATURE = 125°C. 

2, APPLIES FOR ANODE CURRENT RATE OF RISE 
OF IO AMPERES PER MICROSECOND. 


3.RATED AVERAGE GATE POWER DISSIPATION AND 
BLOCKING LOSSES INCLUDED. 


ea 


tx 100 
T 


- 


% DUTY CYCLE= 


This chart provides a 
rapid means of deter- 
mining SCR dissipation 
with low values of di/dt. 


AVERAGE POWER DISSIPATION - WATTS 


ie) 10 20 30 40 50 60 70 80 90 


PEAK ON-STATE CURRENT - AMPERES 


100 like) 120 


5. MAXIMUM AVERAGE POWER DISSIPATION FOR 
RECTANGULAR CURRENT WAVEFORM 
=a i a 


ST EST LIMITS 15 


17 NOTES: 
1. RECTANGULAR CURRENT PULSES, 50 
MICROSECOND MINIMUM DURATION. 
1S-— 2.SEE CHARACTERISTIC TABLE FOR 
OTHER TEST CONDITIONS. 
3 [tl 
Pag 
‘a Lt 
ie) 
ie) 10 20 30 40 50 60 70 BO 90 rele) (to 
PEAK ON-STATE CURRENT ~AMPERES 
6. MAXIMUM CONVENTIONAL CIRCUIT-COMMUTATED 
oo OFF TIME aise PEAK ON-STATE CURRENT. 
=o. NOTES: 
E/\ t—}—+ |. AVERAGE POWER DISSIPATION = 
— ENERGY PER PULSE X REP, RATE 
[+ 2. CONDITIONS STATED ON SINUSOIDAL CURRENT 
RATING CHARTS APPLY. 
3. CASE TO AMBIENT THERMAL. RESISTANCE 
REQUIREMENTS FOR THERMAL STABILITY 
1000 MUST BE MET. SEE PARAGRAPH ENTITLED 
= BASIS OF VOLTAGE RATINGS," 
oie 
200 
100 ——= 
p=} 
40 
20 H 
10 


nN 
S 


40 100 200 400 1000 2000 4000 10,000 
PULSE BASE WIDTH - MICROSECONDS 


ENERGY PER PULSE FOR SINUSOIDAL PULSES 
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40,000 100,000 


7. 


This chart gives the guar- 
anteed maximum turn- 
off time of the C144 as 
a function of the for- 
ward current, The use 
of this chart is neces- 
sary for rectangular an- 
ode current pulses of 
the specified pulse width 
and frequency, 


This chart provides a 
rapid means of deter- 
mining anode dissipa- 
tion with half-sine-wave 
pulses, Multiply the en- 
ergy per pulse by the 
repetition rate to ob- 
tain average anode dissi- 
pation. 


SINE WAVE DATA 
EB EEE rem EEA 
c NOTES: 
t EEE |. MAXIMUM CASE TEMPERATURE = 65°C C1 44 
2. FOR SINUSOIDAL CURRENT WAVEFORM ONLY 

3, MINIMUM CIRCUIT TURN-OFF TIME 

C144_15_ = 15pSEC 

t— C144_30_ = 30pSEC 


4, MAXIMUM CIRCUIT dv/dt = 200V4SEC 
5, RATED Vorm. RATED SWITCHING VOLTAGE 


6. REVERSE VOLTAGE 

a Vam £500 VOLTS 
© i Vg = 30 VOLTS 
w 1000 + 7 REQUIRED GATE ORIVE 
$ 800 f H 20 VOLTS OPEN CIRCUIT, 20 OHM SOURCE 
< Ht et 1.5uSEC MIN. PULSE WIOTH 
1 600 ‘on el O.lWSEC MAX, RISE TIME 
a 
z= 
on in iM 
a 4 UW 
5 +~ _t 
3 io Pug 
200 105 SS vest H+ pH 
4 SE, 
% £00 S20 
3 S 
S (00 , 20 + 
= 80 . $20, PSO 
® go-—1 !.009' PSS265 

4o/-—- 

20 te ttt +-—+-++ + ttt tty 


L 
07 4 10 20 40 100 200 400 1000 2000 4000 10,000 
PULSE BASE WIOTH - MICROSECONDS 


8. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. PULSE WIDTH (Tc = 65°C) 


{++ To = 90°C NOTES: 
|, MAXIMUM CASE TEMPERATURE = 90°C 
2.FOR SINUSOIDAL CURRENT WAVEFORM ONLY 
3. MINIMUM CIRCUIT TURN- OFF TIME 
oe C144_15_ =15pSEC 
(144 _30_ =30,SEC 
4. MAXIMUM CIRCUIT dv/ dt = 200 W/m SEC 
5 RATED Vpam, RATEO SWITCHING VOLTAGE 
6. REVERSE VOLTAGE 
Vam 2500 VOLTS 
° Vr= 30VOLTS 
4 
wilC0e a 7. REQUIRED GATE DRIVE 
= 800 = 20 VOLTS OPEN CIRCUIT, 20 OHM SOURCE 
* 600 1.5»SEC MIN. PULSE WIDTH 
5 O.1pSEC MAX. RISE TIME 
=“ Onn! 
& 
= T 
3 
E200 LO ay itt +—~ t+ 
rad lo, LS. 
D ‘0 Sa, 
‘ 25 a 
é CQ) SEO, 
~ 100 So 5 so = 
a : ‘0 | 
< sot - i 
a 20 a 
60 t+ 205 1 
T So, 2 in 
tf 
40 2005 Io + ‘ tt 
++ 
20 + HI 
05 4 10 20 40 100. 200 400 1000. 2000 4000 10,000 


PULSE BASE WIDTH - MiCROSECONDS 


9. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. PULSE WIDTH (Te = 90°C) 


TH 


Te = BSC 


NOTES: 
|, MAXIMUM CASE TEMPERATURE = 115°C 


2.FOR SINUSOIDAL CURRENT WAVEFORM ONLY 
3. MINIMUM CIRCUIT TURN-OFF TIME 
C144_15— = ISpSEC 
C144 30... » 30uSEC 


4, MAXIMUM CIRCUIT dv/dt = 200VmSEC 


++] 5, RATED Vogm, RATED SWITCHING VOLTAGE 
6.REVERSE VOLTAGE 
s { Vem © $00 VOLTS 
» ooo Vp = 30 VOLTS 
© B00 EY 7. REQUIRED GATE DRIVE 
g 20 VOLTS OPEN CIRCUIT, 20 OHM SOURCE 
€ p08 L.54SEG MIN, PULSE WIOTH 
Me OASEC MAX. RISE TIME 
& 400 
@ 
ra Litt |_| Lifj | | 
5 es 
3 
w 200 t+ — 
a 
9 
z fi 
© 100 + th 
x“ 
= 
a 
Cy 


6 88 
des 
iy 

F 

E 

In 

Ea 

++ 

ERE 


2 4 10 20 40 100 200 400 1000 2000 4000 10,000 
PULSE BASE WIDTH ~ MICROSECONDS 


10. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. PULSE WIDTH (Tc = 115°C) 


Charts 8, 9 and 10 give the maximum value of peak on-state current at which the specified turn-off-time and dv/dt still apply. 
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C144 


140.12 
140.22 
140.23 
140.47 
140.48 
145.55 
160.35 
160.39 
170.35 
170.36 
170.37 
170.38 
170.42 
170.44 
170.45 
170.53 
170.57 
170.76 
170.80 
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TURN-OFF TIME TEST. 


Specification Sheets 


1N3879 Series (6 amp) Fast Recovery Diode 
1N3889 Series (12 amp) Fast Recovery Diode 
A28 Series (12 amp) Very Fast Recovery Diode 
1N8899 Series (20 amp) Fast Recovery Diode 
1N3909 Series (30 amp) Fast Recovery Diode 
A96 Series (250 amp) Fast Recovery Diode 

C140 Series (835A) 50-400V High Speed SCR 
C144 Series (35A) 500-800V High Speed SCR 
C154-7 Series (110 amp) High Speed SCR 

C158, 9 Series (110 amp) High Speed SCR 

C885 Series (250 amp) High Speed SCR 

C358 Series (225A) High Speed SCR 

C895 Series (550A) up to 600V, High Speed SCR 
C388, C387 Series (550A) High Speed SCR 
C398, C897 Series (700A) High Speed SCR 

C185 Series (235 amp) High Speed SCR 

C354, 5 Series (115 amp) High Speed SCR 

C506 Series (625 amp) High Speed SCR 

C510 Series (625 amp) High Speed SCR 


200.38 
200.41 


200.42 
200.49 


660.13 
660.14 
660.15 


660.16 


671.4 


671.15 


— VoRM 


_ SWITCHING 
VOLTAGE 


tg 


WAVEFORMS FOR PULSE CIRCUIT-COMMUTATED 


Application Notes 
“Application of Fast Recovery Rectifiers” 
“Simple Circuits For Triggering SCR’s Into 
Fast-Rising Load Currents” 
“Commutation Behavior of Diffused High Cur- 
rent Rectifier Diodes” 
“A Low Cost Ultrasonic Frequency Inverter 
Using A Single SCR” 


Technical Paper Reprints 


“The Rating and Application of SCR’s De- 
signed for Switching at High Frequencies” 
“Basic Magnetic Functions in Converters and 
Inverters Including New Soft Commutations” 
“SCR Inverter Commutated By An Auxiliary 
Impulse” 

“An SCR Inverter With Good Regulation and 
Sine Wave Output” 


Seminar Notes 


“The Widening World of The Fast Recovery 
Rectifier Diode” 
“The Amplifying Gate SCR” 


*For copies of any published information, please order by decimal publica- 
tion number from: General Electric Company, Distribution Services, 1 
River Road, Schenectady, N.Y. 12305. 
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High Power 


Silicon C147 


Controlled Rectifier 
1200 Volts  § 63A RMS 


The General Electric C147 Silicon Controlled Rectifier is designed for phase 
control applications. This is an all-diffused device which is considerably 
smaller in size than comparably rated high power SCR’s. 


FEATURES: 


e High dv/dt With Selections Available 
e Excellent Surge and I?t Ratings, Providing Easy Fusing 
e Compact, Hermetic Package, 1/4—28 Stud 


MAXIMUM ALLOWABLE RATINGS 


REPETITIVE PEAK OFF-STATE | REPETITIVE PEAK REVERSE NON-REPETITIVE PEAK 
VOLTAGE, Vpram! VOLTAGE, Varu! REVERSE VOLTAGE, Vasu! 
Ty = -40°C to +125°C Ty = -40°C to +125°C Ty = +125°C 


C147A 100 Volts 100 Volts 150 Volts 
C147B 
C147C 
C147D 
C147E 
C147M 
C1478 
C147N 
C147T 
C147P 
C147PA 
C147PB 


1 Half sinewave waveform, 10 msec. maximum pulse width. 


RMS On-State Current, Ip¢pms) -- 2 ee ee eee eters 63 Amperes (All Conduction Angles) 
Average On-State Current, Ip(ayv) «6. - ee ee ee eee Depends on Conduction Angles (See Charts 2 and 3) 
Critical Rate-of-Rise of On-State Current (Non-Repetitive) di/dt:* 
Switching From 1200 Volts... 0... cette eens 100 Amperes Per Microsecond 
Switching From 600 Volts... 2.0... ee te eee eee eee 200 Amperes Per Microsecond 
Peak One-Cycle Surge (Non-Repetitive) On-State Current, Irsm (60 Hz)-- +--+ essere e eee teres 1000 Amperes 
Peak One-Cycle Surge (Non-Repetitive) On-State Current, Ipgy (50 HZ)... -- 2-600 ee eee eee eee ee 910 Amperes 
I*t (for fusing), for times > 8.3 milliseconds (See Figure 6)......-... 000.000 ee eee 4150 (RMS Ampere)? Seconds 
I*t (for fusing), for times > 1.5 milliseconds (See Figure 6)...........--.-+05-055 2850 (RMS Ampere)? Seconds 
Peak Gate Power Dissipation, Pgy ..- 2... ee ee cee eee tee tee teens 100 Watts for 150 Microseconds 
Average Gate Power Dissipation, Pg(av) «+--+ eee ett tee eee tenets 2 Watts 
Storage Temperature, Tyg ---- 2 et te eee ee eee eens -40°C to +150°C 
Operating Temperature; Tyee 4 oe side eee eee ences PERK eee eed Mee eee -40°C to +125°C 
Maximum Stud Torque ... 2.2.0... ec ee eee te nee eee ene ee ee eens 30 Lb.-In. 
3-4 N-m 


*di/dt ratings established in accordance with EIA-NEMA Standard RS-397, Section 5.2.2.6 for conditions of VbRM stated above; 20 volts, 
20 ohms gate trigger source with 0.5 usec short circuit trigger current rise time. 
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Peak Off-State and 
Reverse Current 


CHARACTERISTICS 


Cl47A 


C147PA 
C147PB 


Holding Current 


Critical Rate-of-Rise of 
Off-State Voltage. (Higher 
values may cause device 
swit ching) 


100 Volts Peak 
300 
400 
$00 
600 
700 
800 


= 25°C, Vp = 12 Vde, Ry = 12 Ohms 
= -40°C, Vp = 12 Vdc, Ry = 12 Ohms 
To = +125°C, Rated Vppm, Ry = 1000 Ohms 


To = +25°C, Ipm = 500 Amperes Peak, 1 
Millisecond Wide Pulse. Duty Cycle < 1% 


Tc = +25°C, Anode Supply = 24 Vdc, 
Gate Supply = 10V/20 Ohms. Initial For- 
ward Pulse = 2 Amps., 0.1 Millisecond to 
10 Milliseconds Wide. 


Te = +125°C, Rated Vppm, Using Linear 
Exponential Rising Waveform. Gate Open 
Circuited. VpRM 

Exponential dv/dt = 5 (.632) 


800 


Ty = +125°C 

Itm = 150 Amps. Peak 

Ve = 50 Volts Min. 

VproM (Reapplied) 

Rate-of-Rise of Reapplied Off-State 
Voltage = 20V/usec (Linear) 
Commutation di/dt = 5 A/usec 
Repetition Rate = 1 PPS. 

Gate Bias During Turn-Off Interval = 
0 Volts, 100 Ohms 


INSTANTANEOUS ON-STATE CURRENT- (AMPERES) 


—-| 
100 zt 
C_JUNCTION —— 
+ 7 a0 
+ a 


| | 


T 


ae | 
° fe) 20 30 40 5.0 60 TO 
INSTANTANEOUS ON- STATE VOLTAGE (VOLTS ) 


1. MAXIMUM ON-STATE CHARACTERISTICS 


T T T 
1, RATING | DERIVEO |FOR 2.0 WATTS AVERAGE GATE 
POWER |DISSIPATION. 


2, MAXIMUM RATE OF RISE OF ON- STATE CURRENT= 
20 AMP/ MICROSECOND § di/dt. 


B. 50~400 HZ,.—--++—— +- | 


30 40 50 60 70 
AVERAGE ON- STATE CURRENT (AMPERES } 


3. MAXIMUM ALLOWABLE CASE TEMPERATURE 
FOR RECTANGULAR CURRENT WAVEFORM 


90 a ‘ ; 
1. RATINGS DERIVED FOR 2.0 WATTS AVERAGE a 
GATE POWER DISSIPATION. 
80 |-——___}2- MAXIMUM~ RATE OF "RISE ~OF —ON= STATE” CURRENT# 
20 AMP/ MICROSECONDS 
709 }_—-43. JUNCTION-TEMPERATURE- i — 
: 50 % 
4. 50-400 HZ. 
60 — ; 1 
50 + —_| 


AVERAGE ON — STATE POWER DISSIPATION (WATTS ) 


40 IDUTY CYCLE> 8.3% 
30 + 
20 
ie | 

ie 19gt+%' Dury CYCLE 

° lL. al iis = 

° 10 20 30 40 50 60 70 
AVERAGE ON-STATE CURRENT (AMPERES) 


a 


MAXIMUM ON-STATE POWER DISSIPATION FOR 
RECTANGULAR CURRENT WAVEFORM 


(°c) 


150 a i 


| RATING JOERIVED 
POWER |DISSIPATI 


For 2.0 [WATTS AVERAGE Gate 
‘ 
2. RESISTIVE OR INDUCTIVE LOAD 50 TO 400 HZ. 
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AVERAGE ON-STATE CURRENT (AMPERES) 
2. MAXIMUM ALLOWABLE CASE TEMPERATURE 
FOR SINUSOIDAL CURRENT WAVEFORM 


o 
Oo 


T T 
if RATINGS DERIVED For 2.0 WATTS AVERAGE 
| GATE POWER DISSIPATION. 


i 
i MAXIMUM RATE OF RISE OF ON- STATE 
CURRENT = 20 AMPS/ MICROSECOND. 


. JUNCTION TEMPERATURE = + 125°C. 
4.50-400 HZ. 


oc 
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50 F T am fm 
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o° 180° 


CONOUCTION ANOLE 


1. 
6 io 26 36 40 50 60 70 
AVERAGE ON- STATE CURRENT (AMPERES) 


4. MAXIMUM ON-STATE POWER DISSIPATION FOR 
SINUSOIDAL CURRENT WAVEFORM 


AVERAGE ON— STATE POWER DISSIPATION (WATTS ) 


5000 


+ 
fo] 
Q 
fe) 


3000 


124 (Rms - amp)? sec, 


£000) ‘ 2 3 4 5 6 7 a9 10 


PULSE WIDTH — MILLISECONOS 
1} RATING FOLLOWING RATED LOAD CONDITIONS 


6 MAXIMUM ALLOWABLE NON-REPETITIVE 
SURGE CURRENT 


GE 

2.0 WATTS. | 

2. RECTANGULAR GATE 
PULSES 


3. T psIGATE CURRENT 

PULSE WiOTH | 
. CASE TEMPERATURE + 
-40°C TO + 128°C. 


CT | 
tL 
| LA 


wcll 


t 2 4 6810 2 


4 6 810 
INSTANTANEOUS GATE CURRENT - AMPERES 


7. GATE TRIGGER CHARACTERISTICS AND 
POWER RATINGS 


TRANSIENT THERMAL IMPEDANCE (*C/WATT) 


TIME (SECONDS) 


8. TRANSIENT THERMAL IMPEDANCE — 
JUNCTION-TO-CASE 


OUTLINE DRAWING 


N SEE NOTE | 
SEATING PLANE 


TERMINAL | TERMINAL | TERMINAL R 
1 2 3 THREAD SIZE 


NOTE: |. COMPLETE THREADS TO WITHIN 2 |/2 
THD. OF SEATING PLANE. 


2.ONE STEEL, CAOMYIM PLATEDNUT 
AND ONE STEEL ,CADMUIM PLATED 
SEce SUPPLIED WITH EACH 
VICE. 


® 
- 
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METRIC METRIC 


— 
ilicon 
Controlled Rectifier cas 


1200 VOLTS 63A RMS 


The General Electric C148 Silicon Controlled Rectifier is designed for power 
switching at high frequencies. This is an all-diffused device which is consider- 
able smaller in size than comparably rated high power SCR’s. 


FEATURES: 


e Fully characterized for operation inverter and chopper applications. 
e High dv/dt with selections available. 

e Excellent surge and I*t ratings providing easy fusing. 

e Compact hermetic package, %4 — 28 stud. 


Equipment designers can use the C148 in demanding applications, such as: 


e Choppers e Induction Heaters e Cycloconverters 
e Inverters e High Frequency Lighting e DC to DC conversion 


MAXIMUM ALLOWABLE RATINGS 


REPETITIVE PEAK OFF-STATE | REPETITIVE PEAK REVERSE NON-REPETITIVE PEAK 
VOLTAGE, Vpamu! VOLTAGE, Vaam! REVERSE VOLTAGE, Vas! 
Ty = -40°C to +125°C Ty = -40°C to +125°C Ty = +125°C 


C148M 600 Volts 600 Volts 720 Volts 
C1488 700 700 
C148N 800 800 
C148T 900 900 
C148P 1000 1000 
C148PA 1100 1100 
C148PB 1200 1200 


1 Half sinewave waveform, 10 ms max. pulse width. 


RMS -On-State Cutrentt, Ip geiig) 2 «hein artic 2 Gi ae hea tidy been eek GR oes Ve ee hae eee OY 63 Amperes 
Peak One Cycle Surge (Non-Repetitive) On-State Current, Ipgy (60 Hz)... 2.2... eee 700 Amperes 
Peak One Cycle Surge (Non-Repetitive) On-State Current, Ipgy (50 Hz)... 2.2.2... ee ee 670 Amperes 
I’t (for fusing) for times > 1.5 milliseconds .......0..00 00000 cee ee ee ee ee eee 1360 (RMS Ampere)? Seconds 
It (for fusing) for times > 8.3 milliseconds ..........0.0. 000000 e ce eee eee eee 2000 (RMS Ampere)* Seconds 
Critical Rate-of-Rise of On-State Current, Non-Repetitive.. 0... 0.20000. ce eee eee ee 100 A/us + 
Critical Rate-of-Rise of On-State Current, Repetitive... 2.0.20... 0000.2 ec ee eee 75 Alus ft 
Average Gate Power Dissipation, Pg(ay).- ee eee ee eee 2 Watts 
Stotage Tempetatitte Taja: aviv dst leek oos ta eee gl teas oe eka anes Mea ad -40°C to +150°C 
Operating Temperature, Ty... 2... tte eee ee eens -40°C to +125°C 
Stud POrqQues “aoa se cyed Sees ass qretaecurelbvenwi de 8b a Sth ES eee east awe hoe SANE OS arte wee ew arte eee ates 30 Lb.-In. 

3.4 N-m 


tdi/dt ratings established in accordance with EIA-NEMA Standard RS-397, Section 5.2.2.6 for conditions of max. rated VDRM; 20 volts, 20 
ohms gate trigger source with 0.5us short circuit trigger current rise time. 
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CHARACTERISTICS 


TEST CONDITIONS 


Repetitive Peak Reverse Ty = -40°C to +125°C, 
and Off-State Current V = Vprom = Vrrm 


Junction-to-Case 


Critical Rate-of-Rise of Ty = +125°C, Gate Open. Vprm = Rated 
Off-State Voltage (Higher using Linear or Exponential Rising 
values may cause device Waveform. 
switching) Exponential dv/dt = 


“pre (.632) 


Higher minimum dv/dt selections available — consult factory. 
mAdc +25°C, Vp = 6Vdc, Ry = 3 Ohms 
6 Vdc, Ry = 3 Ohms 
= +125°C, Vp = 6 Vdc, Ry = 3 Ohms 


DC Gate Trigger Voltage ; = °C, = 6 Vdc, Ry = 3 Ohms 
6 Vdc, Ry, = 3 Ohms 
= ose. Rated Vprm> RL = 


DC Gate Trigger Current 


1000 Ohms 
Peak On-State Voltage 


To = +25°C, Ipy = 500 Amps Peak, 1 
millisecond wide pulse. Duty cycle < 1% 
Conventional Circuit (1) Te = +125°C 
Commutated Turn-Off (2) Ipm = 150 Amps. 
Time (3) Vp = 50 Volts Min. 
2 (4) V (Reapplied) 
ciao a0 (5) Rate-of-Rise of Reapplied Off-State 
C148 — 40 Voltage = 20 V/usec (linear). 
(6) Commutation di/dt = 5 Amps/ysec 
(7) Repetition Rate = 1 pps. 
(8) Gate Bias During Turn-Off Interval = 
0 Volts, 100 Ohms 


C148 — 30 (1) Te = +125°C 
C148 — 40 (2) Ipm = 150 Amps 
(3) Vp = 50 Volts Min. 
(4) Vprm (Reapplied) 
(5) Rate-of-Rise of Reapplied Off-State 
Voltage = 200 V/usec (linear). 
(6) Commutation di/dt = 5 Amps/usec. 
(7) Repetition Rate = 1 pps. 
(8) Gate Bias During Turn-Off Interval = 
0 Volts, 100 Ohms. 


Conventional Circuit To = +125°C 
Commutated Turn-Off Iym = 150 Amps 
Time (with Feedback Vr = 1 volt 
Diode) Vpro (Reapplied) 
= Rate-of-Rise of Off-State Voltage = 
Cee 200 V/usec (linear). 
C148 — 40 Commutation di/dt = 5 Amps/usec. 
Repetition Rate = 1 pps. 
Gate Bias During Turn-Off Interval = 
0 Volts, 100 Ohms. 


fConsult factory for a specified maximum turn-off time. 
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SINE WAVE CURRENT RATING DATA C148 


800 


itete) 


PEAK ON-STATE CURRENT - AMPERES 


fe) Litil 
7, ite} 100 1000 lo 


PULSE BASE WIOTH (ys) 


1. Maximum allowable peak on-state current 
vs, pulse width (Tc = 65°C) 


PEAK ON-STATE CURRENT - AMPERES 


[ele] 1000 10000 
PULSE BASE WIOTH (ys) 


2. Maximum allowable peak on-state current 
vs. pulse width (Tc = 90°C) 


PEAK ON-STATE CURRENT - AMPERES 


10 tere) 1000 10000 
PULSE BASE WIDTH (8) 


3. Energy per pulse for sinusoidal pulses 
(Ty = 125°C) 


gnb 


NOTES: 
(Pertaining to Sine and Rectangular Wave Current Ratings) 
1. Switching voltage = 800 volts. 
2. Maximum ckt. dv/dt = 200 volts/usec. 
3. Reverse voltage applied = VR < 800 volts. 
4. R-C Snubber ckt. = .25 uf, 202. 


os RECTANGULAR WAVE CURRENT RATING 


50% DUTY CYCLE 


300/;— | 


= + 
| 

PULSES PER SECOND 
50 | 
500 
1000 


100 


PEAK ON-STATE CURRENT - AMPERES 


L 
5 8 10 20 40 50 80 100 


RATE OF RISE OF ON-STATE CURRENT (A/us) 


4, Maximum allowable peak on-state current 
vs. di/dt (Te = 65°C) 


PULSES PER SECOND 
100 


+ 
10000 


PEAK ON-STATE CURRENT - AMPERES 


4 #5 8 10 20 40 50 80 100 
RATE OF RISE OF ON-STATE CURRENT (A/zs) 


6. Maximum allowable peak on-state current 
vs. di/dt (Te = 90°C) 
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PEAK ON-STATE CURRENT - AMPERES 


PEAK ON-STATE CURRENT - AMPERES 


300 


25% DUTY CYCLE 


100 


. 
PULSES PER SECOND 
on eel so/—t 
500 


4 + + 
10 i i_| J 
4 5 8 10 20 40 50 80 I00 
RATE OF RISE OF ON-STATE CURRENT (A/ps) 
5. Maximum allowable peak on-state current 
vs. di/dt (Te = 65°C) 
300-4 > 7 7 7 74 
rT oa E T T T tT 
PULSES PER SECOND 
50 
—— =... | 
100 el 1900" 500 500 = 
L 
E 2500 
5000 
TT 
— t 110.000 ——y c 
10 
4 5 8 10 20 40 50 80 100 


RATE OF RISE OF ON-STATE CURRENT (A/ps) 


7. Maximum allowable peak on-state current 
vs. di/dt (Tg = 90°C) 


INSTANTANEOUS ON-STATE CURRENT - AMPERES 


RECOVERED CHARGE, Qrirec) — HCOULOMBS 


RECOVERED CHARGE, Qpipec) - HCOULOMBS 


RECOVERED CHARGE DATA 


L 
5 10 20 50 (090 200 
REVERSE di/dt (A/us) 


11. Typical recovered charge data (T; = 25°C) 
(Sinewave Current Waveform) 


100 


; 


5 10 20 50 100 200 
REVERSE di/dt (A/ys) 


12. Typical recovered charge data (Ty = 125°C) 
(Sinewave Current Waveform) 


1000 


fete) 


1 2 3 4 5 6 7 
INSTANTANEOUS ON-STATE VOLTAGE —- VOLTS 


13. Maximum On-State Characteristics 
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1000, aga el 


" ny 
rf ‘ } 1 Lop 


PEAK ON-STATE CURRENT-AMPERES 
3 
i=} 


10000 


{9} too 
PULSE BASE WIDTH (js) 


8. Energy per pulse vs. peak current and 
pulse width (di/dt = 100A/psec) 


re} 
Ty = 125°C 
1000 CRP hg, 
A AYO 
0 2s 
| S 
i a {| 
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10000 


iTe) 
PULSE BASE WIDTH (js) 


9, Energy per pulse vs. peak current and 
pulse width (di/dt = 25A/usec} 


oO 
T) = 125°C 
1000 
| 
a e 
w 
a 
Ww i 
= 
C4 % fe 
1 
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° 
a 2 
§ x 
3 100 
wi 
a O = 
& 6 
z 0,—+ 
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io 6 
a t+ y t— 
0 10000 


PULSE BASE WIOTH (ys) mie 
10. Energy per pulse vs. peak current and 
pulse width (di/dt = 5A/psec) 

Ty = 125°C 
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INSTANTANEOUS GATE VOLTAGE - VOLTS 


20v, 400, 
LOADLINE 


20V, 202 

LOADLINE 
a 150.2. 3 5 7 10 20 30 5.0 70 10 
Aes INSTANTANEOUS GATE CURRENT - AMPERES 


[ C145 | 


NOTES: 
1, Locus of possible DC trigger points ties outside the boun- 
daries shown at the various case temperatures. 
2, Rectangular gate pulses. 
3. Tp = gate current pulse width. 


14. Gate Trigger Characteristics and Power Rating 


3000 


2000 


2t 


({RMSAMP)®SEC — 


1000 
INITIAL Ty # 
2000) 


-40°C TO +125°C 


PEAK HALF 
SINE WAVE 
CURRENT 
(AMPERES) 


f— ON-STATE 


PULSE BASE WIDTH (ms) 


15. Sub-Cycle Surge (Non-Repetitive) On-State Current 
And I’t Rating 


TRANSIENT THERMAL IMPEDANCE ~(°C/waTT) 


*",001 Ol \ 


4 ! ite} 
TIME - SECONDS 


16. Transient Thermal Impedance — 
Junction-To-Case 
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N SEE NOTE | 
SEATING PLANE 


TERMINAL TERMINAL | TERMINAL R 
| 2 3 THREAD SIZE 


NOTE: |. COMPLETE THREADS TO WITHIN 2 1/2 
THD. OF SEATING PLANE. 
2.ONE STEEL, CADMUIM PLATED NUT 
AND ONE STEEL,CADMUIM PLATED 


LOCKWASHER SUPPLIED WITH EACH 
DEVICE. 


OUTLINE DRAWING 


INCHES 


METRIC 


MM SYM. 


MAX. 


INCHES 


METRIC 
MM 
MAX. 


MIN. 


@ 


a 
17.36 
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HIGH SPEED 


Silicon C149 


Controlled Rectifier 
600 VOLTS 63A RMS 


The General Electric C149 Silicon Controlled Rectifier is designed for power 
switching at high frequencies. This is an all-diffused device which is consider- 
able smaller in size than comparably rated high power SCR’s. 


FEATURES: 


Fully characterized for operation in inverter and chopper applications. 
High dv/dt with selections available. 

Excellent surge and I*t ratings providing easy fusing. 

Compact hermetic package, %4 — 28 stud. 


Equipment designers can use the C149 in demanding applications, such as: 


e Choppers e Induction Heaters e Cycloconverters 
e Inverters e High Frequency Lighting e DC to DC Conversion 


MAXIMUM ALLOWABLE RATINGS 


REPETITIVE PEAK OFF-STATE | REPETITIVE PEAK REVERSE NON-REPETITIVE PEAK 
TYPES VOLTAGE, Vprm! VOLTAGE, Varmu! REVERSE VOLTAGE, Vasu! 
Ty = -40°C to +125°C Ty = -40°C to +125°C 


C149A10, C149A20 100 Volts 100 Volts 150 Volts 
C149B10, C149B20 200 


C149C10, C€149C20 300 
C149D10, C149D20 400 
C149E10, C149E20 500 
C149M10, C149M20 600 


1 Half sinewave waveform, 10 ms max. pulse width. 


RMS On-State Current, Ip@qmMsy). eee ee ee eee ee eens 63 Amperes 
Peak One Cycle Surge (Non-Repetitive) On-State Current, Itsy (60 Hz) .........-. 2-02 e ee eee eee 1000 Amperes 
Peak One Cycle Surge (Non-Repetitive) On-State Current, Ipgy (50 Hz)... 2... ee ee ee eee 920 Amperes 
I7t (for fusing) for times > 1.5 milliseconds ... 2.0.0... 0. ee ees 2850 (RMS Ampere)” Seconds 
I?t (for fusing) for times > 8.3 milliseconds ..........0 20.0000 eee ee eee 4150 (RMS Ampere)? Seconds 
Critical Rate-of-Rise of On-State Current, Non-Repetitive ... 2... .. 0... ccc ee ee ees 200 A/us + 
Critical Rate-of-Rise of On-State Current, Repetitive 2.2... 2.0... 222 ee ees 100 A/ys + 
Average Gate Power Dissipation, Pg(ay)---- eee eee ee ee eee ee 2 Watts 
Storage: Temperature, Taig +2 40 ave thaw are we aa hah ewes a Eee hae eee de eee -40°C to +150°C 
Opetating Temperature, Ty:3. 6 iene $08 a ee ORS aya el eed Aw aes Dn Pala ae ie are -40°C to +125°C 
Stud“ Torque: — 2.5. hs sats e teee etek wl Sie Die ae ae atid Ghee eed AP hie ae eda onde Pls Pubs ear kek oe ei 30 Lb.-In. 

3.4 N-m 


+di/dt ratings established in accordance with EIA-NEMA Standard RS-397, Section 5.2.2.6 for conditions of max. rated VpRM; 20 volts, 
20 ohms gate trigger source with 0.Sus short circuit trigger current rise time. 
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eee 
TEST CONDITIONS 


Repetitive Peak Reverse a Ty = -40°C to +125°C 
and Off-State Current V = VprMm = Vrrm 
i 


Critical Rate-of-Rise of Viusec | Ty = +125°C, Gate Open. Vopr = Rated, 
Off-State Voltage (Higher using Linear or Exponential Rising 
values may cause device Waveform. 


swit ching) 


a (.632) 


Exponential dv/dt = 


Tc = +25°C, Vp = 6 Vdc, Ry = 3 Ohms 
Tc = -40°C, Vp = 6 Vdc, Ry, = 3 Ohms 
To = +125°C, Vp = 6 Vdc, Ry = 3 Ohms 


125 
Tc = 25°C, Vp = 6 Vdc, Ry, = 3 Ohms 
3.5 To = -40°C, Vp = 6 Vdc, Ry = 3 Ohms 
- To = +125°C, Rated Vopr, Ry = 1000 Ohms 
3.0 Volts | Tc = +25°C, Ipy = 500 Amps. Peak, 1 
millisecond wide pulse. Duty Cycle < 1%. 
Conventional Circuit (1) Te = +125°C 
Commutated Turn-Off Itm = 150 Amps. 
Time (with Reverse Vr = 50 Volts Min. 
Voltage) Vprm (Reapplied) 
C149 — 10 (5S) Rate-of-Rise of Reapplied Off-State 
Voltage = 20 V/usec (linear). 
C149 ~ 20 (6) Commutation di/dt = 5 Amps/usec 
(7) Repetition Rate = 1 pps 
(8) Gate Bias During Turn-Off Interval = 
0 Volts, 100 Ohms 


C149 — 10 To = +125°C 

C149 — 20 I~m = 150 Amps. 
Vr = 50 Volts Min. 
Vpro (Reapplied) 
Rate-of-Rise of Reapplied Off-State 
Voltage = 200 V/usec (linear). 
Commutation di/dt = 5 Amps/ysec 
Repetition Rate = 1 pps. 
Gate Bias During Turn-Off Interval = 
0 Volts, 100 Ohms 


Conventional Circuit To = +125°C 
Commutated Turn-Off Itm = 150 Amps 
Time (with Feedback VR 1 Volt 
Diode) Vopr (Reapplied) 
C149 — 10 Rate-of-Rise of Reapplied Off-State 
Voltage = 200 V/usec (linear) 
C149 — 20 Commutation di/dt = 5 Amps/usec 
Repetition Rate = 1 pps 
Gate Bias During Turn-Off Interval = 
0 Volts, 100 Ohms 


fConsult factory for a specified maximum turn-off time. 
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SINE WAVE CURRENT RATING DATA 


PEAK ON-STATE CURRENT-AMPERES 


oa 


10 20 w 40 50 80 100 200 300 400500 §=800 1000 2000 :.] 
PULSE BASE WIDTH ws 


ood 


. Maximum allowable peak on-state current vs. pulse width (T, = 65°C) 


PEAK ON-STATE CURRENT -AMPERES 


200 300 400500 8001000 = 2000 
PULSE BASE WIDTH- ys 


tL 
10 2030 40:86 80 WO 


2. Maximum allowable peak on-state current vs. pulse width (Tc = 90°C) 


& 
€ 200 


PEAK ON-STATE CURRENT-Al 


200 300400500 8001000 = 2000 $000 10,000 
PULSE BASE WIDTH - ws 


3. Energy per pulse for sinusoidal pulses 


NS 
10 20 30 40 50 80 100 
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NOTES: 
(Pertaining to Sine and Rectangular Wave Current Ratings) 


1. Switching voltage = 400 volts, 

2. Maximum ckt, dv/dt = 200 volts/usec. 

3. Reverse voltage applied VR < 400 volts. 

4, Required gate drive: 20 volts, 20 ohms, .1 usec rise time 
for 100 amps/usec repetitive rating 20 volts, 40 ohms, 
.5 usec rise time for 30 amps/usec repetitive rating. 

5, R-C Snubber ckt. = .25 uf, 5 2. 

If the circuit di/dt remains below 30 amps/us, and normally 

constructed snubbers using the components specified are em- 

ployed, then the ‘‘soft’’ gate drive is sufficient. (20V, 402, 

.5 usec rise time.) 

If the circuit di/dt exceeds 40 amps/us, then the stiff gate 

source (20V — 20) t, = .1 us must be used. In addition the 

total device di/dt must be checked to insure that it is not 

above 100 amps/us which is the long-term repetitive limit 

for stiff gate source. (20V, 202, 0.1 usec rise time.) 


PEAK ON-STATE CURRENT - AMPERES 


PEAK ON-STATE CURRENT - AMPERES 


C149 RECTANGULAR CURRENT RATING DATA 


50% DUTY CYCLE 


[ole] 


! 
PULSES PER SECOND 


| 
50-2500 


80 
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60t— - 
50 10,0 00 

40 + + 


5 8 10 20 30 40 50 80 100 
RATE OF RISE ON-STATE CURRENT -A/us 


4. Maximum allowable peak on-state current vs. 
di/dt (T, = 65°C) 


30 


N 
o 


oe 
5 8 10 20 30 «640 «50 80 100 
RATE OF RISE ON-STATE CURRENT - A/us 


6. Maximum allowable peak on-state current vs. 
di/dt (T, = 90°C) 


150 


100 


80 


70 


60 


PEAK ON-STATE CURRENT - AMPERES 


50 


25% DUTY CYCLE 


50-2500 PULSES PER SECOND 


S00, 


lo, 205 


baal 


4° = 5 8 10 20 30 40 50 380 100 
RATE OF RISE ON-STATE CURRENT -A/us 


5. Maximum allowable peak on-state current vs. 
di/dt (Te = 65°C) 


el ee 50-500 PULSES PER SECOND 
ee 
—_—_| 2500 1000 Ree 


10,000 


PEAK ON-STATE CURRENT - AMPERES 


4 #5 8 10 20 30 40 50 80 100 
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RATE OF RISE ON-STATE CURRENT-A /s 


7. Maximum allowable peak on-state current vs. 
di/dt (T. = 90°C) 
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8. Energy per pulse vs. peak current and pulse 
width (di/dt =100A/usec) T, = 125°C 
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9. Energy per pulse vs. peak current and pulse 
width (di/dt =25A/usec) Ty = 125°C 
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10. Energy per pulse vs. peak current and pulse 
width (di/dt =5A/usec) Ty = 125°C 
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INSTANTANEGUS GATE VOLTAGE - VOLTS 


RECOVERED CHARGE DATA 
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11. Sinewave Current Waveform 12. Sinewave Current Waveform 


fo] 1,0 2.0 3.0 4.0 5.0 
INSTANTANEOUS ON-STATE VOLTAGE - VOLTS 


13. Maximum On-State Characteristics 


NOTES: 
1. Locus of possible DC trigger points lies outside the boun- 
daries shown at the various case temperatures. 
2. Rectangular gate pulses. 
3. Tp = gate current pulse width, 
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INSTANTANEOUS GATE CURRENT - AMPERES 


14. Gate Trigger Characteristics and Power Ratings 
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High Power | 
Silicon 


Controlled Rectifier 
1300 VOLTS 110 ARMS 


AMPLIFYING GATE 


The General Electric C150 and C152 Silicon Controlled Rectifiers are de- 
signed for phase control applications. These are all-diffused, Pic-Pac devices 
employing the field-proven amplifying gate. 


FEATURES: 


e High di/dt Rating 

e High dv/dt Capability with Selections Available 

e Excellent Surge and I?t Ratings Providing Easy Fusing 
e Rugged Hermetic Package with Long Creepage Path 


MAXIMUM ALLOWABLE RATINGS 


REPETITIVE PEAK OFF-STATE | REPETITIVE PEAK REVERSE NON-REPETITIVE PEAK 
VOLTAGE, Vpam! VOLTAGE, Varmu! REVERSE VOLTAGE, Vasu! 
Ty = -40°C to +125°C Ty = -40°C to +125°C Ty = +125°C 


C150, C152E 500 Volts 500 Volts 600 Volts 
C150, C152M 600 600 720 
C150, C1528 700 700 850 
C150, C1S2N 800 800 950 
C150, C152T 900 900 1075 
C150, C152P 1000 1000 1200 
C150, C152PA 1100 1100 1325 
C150, C152PB 1200 1200 1450 
C150, C152PC 1300 1300 1550 


1 Haif sinewave waveform, 10 msec. max. pulse width. 


RMS On-State Current, Ig(ams)-- +2 ce tee teen eee ee 100 Amperes (All Conduction Angles) 
Average On-State Current, Ip(ayy.-- 0 eee eee Depends on Conduction Angle (See Charts 1 and 4) 
Peak One-Cycle Surge (Non-Repetitive) On-State Current, Ipgy (60 Hz)... 2.2.0.0 cee eee ee ee 1500 Amperes 
Peak One-Cycle Surge (Non-Repetitive) On-State Current, Ipgy (50 Hz) .... 00.00. ce ee eee cease 1400 Amperes 
Critical Rate-of-Rise of On-State Current (Non-Repetitive)*. 0.00.00. cc cee ccc eee eeee 800 A/ps 
Critical Rate-of-Rise of On-State Current (Repetitive)* 2.00... 0. ccc eee eee eeenae 500 A/us 
I?t (for fusing), for times > 1.5 milliseconds... 2.0.00. cece cee cee ceeeeeeee 7000 (RMS Ampere)* Seconds 
Peak Gate. Power Dissipation, Posy see sock sides GA ee oe Say awe oh @ Here weed ol a Re We a 10 Watts 
Average Gate Power Dissipation, RG (AV) 23 e oS8 ES eek re aed Re Peas ete id Ee PR Ae ore ge ae avenge ns 2 Watts 
Storage Temperature, Typg 200k ce ee ce tee nee ee eee ne eedanaabuceeses -40°C to +150°C 
Operating Temperatuié;-Ty oss oece cao ieee Siete Sah es lage ES aca ecarala de ede bee db ned bas -40°C to +125°C 
DUG TOrque ss. ata hie ke lee Palard OMG aera 2 DE BTS ew eceye eke MS 125 Lbs.-In. (Min.) — 150 Lbs.-In. (Max.) 


14 N-m (Min.) — 17 N-m (Max.) 


*di/dt ratings established in accordance with EIA-NEMA Standard RS-367, Section 5.2.2.6 for conditions of VpDRM Stated above; 20 volts, 
20 ohms gate trigger source with 0.5 usec short circuit trigger current rse time. 
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C150, C152 
CHARACTERISTICS 


[rest sveon] win. tve, | max. [units TEST CONDITIONS 
Repetitive Peak Reverse IprM 
and Off-State Current and 
C150, C152E 3 10 500 Volts Peak 
C150, C152M 3 10 
C150, C1528 3 10 
C150, C152N 3 10 
C150, C152T 3 10 
C150, C152P 3 10 
C150, CIS52PA 3 10 
C150, C152PB 3 6 
C150, C152PC 3 5 
Repetitive Peak Reverse IprM 
and Off-State Current and 
i 
C150, C152E 15 20 500 Volts Peak 
C150, C152M poopy ae 600 
C150, C1528 ae ee eee 700 
C150, C152N aa eee ee 800 
C150, C152T 15 20 900 
C150, C152P 15 20 1000 
C150, C152PA 15 20 1100 
C150, C152PC 8 1 
ee 


Thermal Resistance 


Critical Rate-of-Rise of 
Off-State Voltage 
(Higher values may 
cause device switching) 


silting oe re * |: a 
ans | 


Gate Pulse Width 
Necessary to Trigger 


ee ew Junction-to-Case 


Ty = +125°C, Rated Vprm, Using Linear 
Exponential Rising Waveform. Gate Open 
Circuited. Vv 

Exponential dv/dt = Eee 


(.632) 


Te = +25°C, Anode Supply = 24 Vdc. 
Initial Forward Current = 2 Amps. 
To = +25°C, Ip = 50 Adc, Vprm = Rated. 
Gate Supply: 10 Volt Open Circuit, 20 
Ohm, 0.1 usec max. rise time 


Tc = +25°C. Gate Supply: 20 Volt Open 
Circuit, 40 Ohm, 0.5 usec rise time. Ip = 
1.0 Amps. for High di/dt Capability. 

See Chart 9. 


+25°C, Vp = 6 Vdc, Ry = 3 Ohms 
Tc = -40°C, Vp = 6 Vdc, Ry = 3 Ohms 
4+125°C, Vp = 6 Vdc, Ry = 


-40°C to +120°C, Vp = 6 Vdc, 
3 Ohms 


DC Gate Trigger Current 


DC Gate Trigger Voltage 


Circuit Commutated 
Turn-Off Time** 


Tc = +25°C, I7m = 500 Amps. Peak. 
Duty Cycle < 0.01% 


Ty = +125°C 
(2) Ipm = 50 Amps 

(3) Ve = 50 Volts Min. 

(4) Vpro (Reapplied) = Rated 

(5) Rate-of-Rise of Reapplied Off-State 
Voltage = 20V/usec Linear 


+ Consult factory if guaranteed turn-off time is required. 
** Typical turn-off time increases 30%, if Ip is increased to 500 amps. g1q 


C150, C152 


MAXIMUM ALLOWABLE CASE TEMPERATURE -°C 
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AVERAGE ON-STATE CURRENT - AMPERES 


1. MAXIMUM ALLOWABLE CASE TEMPERATURE 
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FOR SINUSOIDAL CURRENT WAVEFORM 
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3. MAXIMUM ON-STATE POWER DISSIPATION 
FOR SINUSOIDAL CURRENT WAVEFORM 
(EXTENDED RANGE) 
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5. MAXIMUM ON-STATE POWER DISSIPATION 
FOR RECTANGULAR CURRENT WAVEFORM 
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2. MAXIMUM ON-STATE POWER DISSIPATION 
FOR SINUSOIDAL CURRENT WAVEFORM 
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MAXIMUM ALLOWABLE CASE TEMPERATURE-°C 
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4. MAXIMUM ALLOWABLE CASE TEMPERATURE 
FOR RECTANGULAR CURRENT 
WAVEFORM — 50 TO 400 CPS 
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C150, C152 
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INSTANTANEOUS ON-VOLTAGE- VOLTS PULSE WIDTH MILLISECONDS 
7. C150 FORWARD CONDUCTION 8. SUB-CYCLE SURGE RATING FOLLOWING 
CHARACTERISTIC, ON-STATE RATED LOAD CONDITIONS 
100 pen 
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NOTES: 
1, Maximum allowable gate power dissipation = 2 Watts. 


2. The locus of possible DC trigger points lie outside the 
boundaries shown at various case temperatures. 
3. Tp = Rectangular Gate Current Pulse Width. 


20V, 200 IS MINIMUM GATE SOURCE LOAD LINE 
AT di/gt> 100 AMP/z Tp= 5 SEC MIN., 
0.5 sec MAX RISE TIME 
20V, 652 IS MINIMUM GATE SOURCE LOAD LINE 
AT di/4t<100 AMPs Tp= Su SEC MIN., |.On SEC 


4 6 810 2. . 6, 8.10 20 4 6 810 
INSTANTANEOUS GATE CURRENT - AMPERES 


9. GATE TRIGGERING CHARACTERISTICS 


INSTANTANEOUS GATE VOLTAGE — VOLTS 
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JUNCTION-TO-CASE 
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C150,C152 OUTLINE DRAWINGS 
SEATING PLANE METRIC 
i ie ‘a | min. pax. | MINT MAX. 


4 


312 REF 


fs osof ors sel a 
Pa [sas | 405 
De 


MODEL ee ieee as ies 
THREAD SIZE 
cls2 CATHODE eee | 142-20 UNF-2A4 


NOTES: 


1. One nut and one lockwasher supplied with each unit. 
Material of hardware is steel, cad plated. 

2. "“T’’ dimension is area of unthreaded portion. Com- 
plete threads are within 2.5 threads of seating plane. 

3. Angular orientation of terminals is undefined. 


IncHes | METRIC incues | METRIC 
MIN. | MAX.| MIN. | MAX. x 
1020} 1.140 


1.570 ]1.750 | 39.87|44.45 
6.000}6.390 |152.40162 .31 
6.850 |7,500 j173.99 190.50 


Ps] 
pesca 
| » | 500] sio|i27olisas| v |iosefioes[2672 27.00] | 

a (a Ve 


aoe ee ia TERAANAL 
2 ore 
| cso | GATE | CATHODE 1/2 2OUNF-2A 


NOTES: @ 


1. Gate and auxiliary cathode leads supplied lightly 
twisted together. 


2. Flexible copper lead. 


3. One nut and one lockwasher supplied with each unit. 
Material of hardware is steel, cad plated. 


4. “R’’ dimension is diameter of effective seating area. 


5. “T'’ dimension is area of unthreaded portion. Com- 
plete threads are within 2.5 threads of seating plane. 


6. Angular orientation of terminals is undefined. 
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HIGH SPEED | C154, Ci56__ | 
Silicon Controlled Rectifier C159, C197 


600 VOLTS 110A RMS as ay 


The General Electric C154, C155, C156 and C157 Silicon Controlled Rec- 
tifiers are designed for power switching at high frequencies. These are all 
diffused Pic-Pac devices employing the field proven amplifying gate. 


FEATURES: 

High di/dt ratings. 

High dv/dt capability with selections available. 

Excellent surge and I’t ratings providing easy fusing. 
Guaranteed maximum turn-off time with selections available. 
Rugged hermetic package with long creepage path. 


MAXIMUM ALLOWABLE RATINGS 


REPETITIVE PEAK OFF-STATE | REPETITIVE PEAK REVERSE NON-REPETITIVE PEAK 
VOLTAGE, Vpru! VOLTAGE, Vrru! REVERSE VOLTAGE, Vasu! 
Ty = -40°C to +125°C Ty = -40°C to +125°C T, = +125°C 


Ci54A, 
C156A, 
Ci54B, 
C156B, 
C154C, 
C156C, 
C154D, 
C156D, 
C154E, 
C156E, 
C154M, 
C156M, 


100 Volts 100 Volts 160 Volts 


200 200 260 


300 300 380 


400 400 480 


500 600 


600 720 


1 Half sinewave waveform, 10 ms max. pulse width. 


RMS On-State Current, Iq@aqMsy--- eects erences 110 Amperes 
Peak One Cycle Surge (Non-Repetitive) On-State Current, Itsy (60 HZ)... ee eee eens 1800 Amperes 
Peak One Cycle Surge (Non-Repetitive) On-State Current, Ipsum (50 Hz)... - eee eee eee 1700 Amperes 
Critical Rate-of-Rise of On-State Current, Non-Repetitive ... 2... eee eee tee 800 A/ps T 
Critical Rate-of-Rise of On-State Current, Repetitive... . 2... - se ee ee eee ees 500 A/ps + 
It (for fusing) for times > 1.5 milliseconds ....-.-- eee eee eee reese 9,500 (RMS Ampere)” Seconds 
It (for fusing) for times > 8.3 milliseconds ....-.- +--+ e+e ee ere e ete 13,500 (RMS Ampere)? Seconds 
Average Gate Power Dissipation, Pa(avy)----- es ect ttt sets sss segs: 2 Watts 
Storase Terliperature; Trigss og x-ac sos b ee aden ees sok Re Pee DER et eee Hee -40°C to +150°C 
Operating Temperature, Ty... 2... eee eee eee tenet eee n tent etn ees -40°C to +125°C 
Stud Torque’. 6 ee tiee goes 8 Sead REA Rai Ree Eane ena ea SAMs 150 Lb.-In. (Max.), 125 Lb.-In. (Min.) 


17 N-m (Max.), 14 N-m (Min.) 


tdi/dt ratings established in accordance with EIA-NEMA Standard RS-397, Section 5.2.2.6 for conditions of max. rated VpRM; 20 volts, 
20 ohms gate trigger source with 0.5ys short circuit trigger current rise time. 
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C154,C156 
C155, C157 


Repetitive Peak Reverse 
and Off-State Current 


Repetitive Peak Reverse 
and Off-State Current 


Critical Rate-of-Rise of 


Off-State Voltage (Higher 


values may cause device 
switching) 


C154/C156 
C155/C157 


CHARACTERISTICS 


TEST CONDITIONS 


Ty = 125°C 


V = VprM = VrrM 


Junction-to-Case 


Ty = +125°C, Gate Open. Vprm = Rated, 
Linear or Exponential Rising Waveform 


Exponential dv/dt = “DRM (.632) 


Holding Current 


DC Gate Trigger Current 


DC Trigger Voltage 


Conventional Circuit 
Commutated Turn-Off 
Time (with Reverse 
Voltage) 


C154/C156 
C155/C157 


Conventional Circuit 
Commutated Turn-Off 
Time (with Feedback) 
Diode) 


C154/C156 
C155/C157 


+Consult factory for specified maximum turn-off time. 


Ee ee 
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Tc = +25°C, Anode Supply = 24 Vdc. 
Initial On-State Current = 2 Amps. 


Tc = +125°C, Vp = 6 Vdc, Ry = 3 Ohms 
Te = -40°C to 0°C, Vp = 6Vdc, 


R, = 3 Ohms 


Tc = 0°C to +125°C, Vp = 6 Vde, 


Ry, = 3 Ohms 


Tc = +125°C, VpRM> Rx, = 1000 Ohms 


Tc = +25°C, Irm = 500 Amps. Peak 
Duty Cycle < .01% 


Tc = +25°C, Iy = 50 Adc, Vprm, Gate 
Supply: 20 Volt Open Circuit, 20 Ohms, 


0.1 usec max. rise time. 
To = +125°C 
I~m = 150 Amps. 
Vr = 50 Volts Min. 
VprmM (Reapplied) 


Rate-of-Rise of Reapplied Off-State 
Voltage = 20 V/usec (linear) 
Commutation di/dt = 5 Amps/usec. 


Duty Cycle < .01% 


Gate Bias During Turn-Off Interval = 


0 Volts, 100 Ohms 


To = +125°C 
Iyym = 150 Amps. 
Vr = 1 Volt 
Vpro (Reapplied) 


Rate-of-Rise of Reapplied Off-State 


Voltage = 20 V/usec 


Commutation di/dt = 5 Amps/ysec 


Duty Cycle < .01% 


Gate Bias During Turn-Off Interval = 


0 Volts, 100 Ohms 


SINE WAVE DATA 


C154, C156 
C155, C157 
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1. Maximum allowable peak on-state current vs. pulse width (Tc = 65°C) 


PEAK ON-STATE CURRENT— AMPERES 
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PULSE BASE WIDTH-MICROSECONDS 


2. Maximum allowable peak on-state current vs. pulse width (Tc = 90°C) 


NOTES: 
(Pertaining to Sine and Rectangular Wave Current Ratings) 

1. Switching voltage < 400 volts. 

2. Maximum ckt. dv/dt = 100 voits/usec. 

3. Required gate drive: 

20 volts, 20 ohms, .5 usec rise time. 

4, Reverse voltage applied = VR < 400 volts. 

5. R-C Snubber ckt. = .25 uf, 5 ohms. 

6. Max. energy dissipated during reverse recovery to be 
15% of total W-S/P shown or 0.03 W-S/P, whichever 
is least. 

7. Values of W-S/P are for Tj = 125°C. 
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C154, C156 


C155, C157 


PEAK ON- STATE CURRENT-AMPERES 


PEAK ON- STATE CURRENT-AMPERES 
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PULSE BASE WIDTH-MICROSECONDS 
3. ENERGY PER PULSE FOR SINUSOIDAL PULSES 


50% DUTY CYCLE 


1 = 
10 20 30 «640 60 80 100 


RATE OF RISE ON-STATE CURRENT 
AMPERES PER MiICROSECOND 


MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. di/dt (Te = 65°C) 


RATE OF RISE ON- STATE CURRENT 
AMPERES PER MICROSECOND 


MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. di/dt (Te = 90°C) 
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25% DUTY CYCLE 


PEAK ON-STATE CURRENT - AMPERES 


5 10 20 30 «40 60 80 100 


RATE OF RISE ON'-STATE CURRENT 
AMPERES PER MICROSECOND 


5. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. di/dt (Tc = 65°C) 


PEAK ON-STATE CURRENT - AMPERES 


— 
5 to 20 300 «40 60 80 100 
RATE OF RISE ON-STATE CURRENT 
AMPERES PER MICROSECOND 


7. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. di/dt (Te = 90°C) 


C154,C156 


C155, C157 


N 


PEAK ON-STATE CURRENT AMPERES 


di/dt =100 AMPS/pSEC 
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PULSE BASE WIDTH-MICROSECONDS 


8. ENERGY PER PULSE VS. PEAK CURRENT 
AND PULSE WIDTH (di/dt = 100 A/usec) 
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ot 
0.3 04 05 0.6 0.8) 1. 
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9. ENERGY PER PULSE VS. PEAK CURRENT 
AND PULSE WIDTH (di/dt = 25 A/usec) 


+ 
WATT~ SEC / PULSE 

+. 
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PEAK ON-STATE CURRENT AMPERES 
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| di/dt = 5 AMPS/.SEC 

| 

| 

a L i ss ee 1 

10 20 30 40 5060 80 100 200 400 600 800 IK 2K 3K 4K SK 6K 8K 10K 
PULSE BASE WIDTH~-MICROSECONDS 


10. ENERGY PER PULSE VS. PEAK CURRENT 
AND PULSE WIDTH (di/dt = 5 A/usec) 
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C154, C156 
C155, C157 


5S 
© 
re) 
} 


aa) 
HU TUN 


1,000 


HEU Th 
HE 
RT 

HUTT 


WILL It 
NI 


\ 
IN 


THE LOCUS OF POSSIBLE DC 
TRIGGER POINTS LIE OUTSIDE 
THE BOUNDARIES SHOWN AT 
VARIOUS CASE TEMPERATURES. 


20v, 202 LOADLINE 


INSTANTANEOUS ON-STATE CURRENT - AMPERES 
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| 2 3 4 0. 2 3 4 5.6 8 10 2 3.456 86 


INSTANTANEOUS ON-STATE VOLTAGE - VOLTS INSTANTANEOUS GATE CURRENT - AMPERES 
11, MAXIMUM ON-STATE CHARACTERISTICS 12. GATE TRIGGER CHARACTERISTICS 


AND POWER RATINGS 
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13. MAXIMUM ALLOWABLE SURGE 14. SUB-CYCLE SURGE (NON-REPETITIVE) 
(NON-REPETITIVE) CURRENT ON-STATE CURRENT AND I*t RATING 
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TRANSIENT THERMAL IMPEDANCE - °C PER WATT 


15. TRANSIENT THERMAL IMPEDANCE — JUNCTION-TO-CASE 
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RECOVERED CHARGE DATA 
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RECOVERED CHARGE-Qp(pec) (f+ COULOMBS) 
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REVERSE di/dt (AMPERES/p SEC) —» 
17. TYPICAL RECOVERED CHARGE DATA (Ty = 125°C) 
SINEWAVE CURRENT WAVEFORM 


7 OS 
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yo 
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MODEL bal Or 
ont feie [™ 


NOTES: 

|. GATE & AUX. CATHODE LEADS SUPPLIED LIGHTLY TWISTED TOGETHER. 

2.FLEXIBLE COPPER LEAD. 

3, ONE NUT AND ONE LOCKWASHER SUPPLIED WITH EACH UNIT. MATERIAL OF 
HARDWARE !S STEEL, CAD PLATED. 

4."R" DIM. IS DIA. OF EFFECTIVE SEATING AREA. 

5."T" DIM. IS AREA OF UNTHREADED PORTION. COMPLETE THDS. ARE 
WITHIN 2.5 THREAOS OF SEATING PLANE. 

6. ANGULAR ORIENTATION OF TERMINALS 1S UNDEFINED. 
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Q 
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RECOVERED CHARGE-QpR(REc) (pe COULOMBS) —> 


16. 


OUTLINE DRAWING 


SEATING PLANE 


SEE NOTE 2 


TERMINAL | TERMINAL Ss 
@ @ THREAD SIZE 


1/2 2OUNF-2A' 


Hen 


MODEL. TERMINAL 


TERMINAL | TERMINAL s 
@ @ THREAD SIZE 
C156, C157 GATE CATHODE | anooe_| \/2-20 UNF-2A 
+ 
NOTES: 


LONE NUT AND ONE LOCKWASHER SUPPLIED WITH EACH UNIT. MATERIAL 
OF HARDWARE IS STEEL, CAD PLATED. 

2. "T" DIM. IS AREA OF UNTHREADED PORTION. COMPLETE THDS. ARE 
WITHIN 2.5 THREADS OF SEATING PLANE. 

3. ANGULAR ORIENTATION OF TERMINALS 1S UNDEFINED. 
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C154, C156 
C155, C157 


20 30 405060 80 100 
REVERSE di/dt(AMPERES /u SEC) —» 


TYPICAL RECOVERED CHARGE DATA (Ty, = 25°C) 
SINEWAVE CURRENT WAVEFORM 


3 456 8 10 


METRIC 
MM 
MIN. | MAX. 


INCHES 
MIN. | MAX. 


RIC 
M 
MAX. 


INCHES 
MIN. | MAX. 


.390| 500 


SYM 


INCHES MET NOTES 
MIN. | MAX.| MIN. 


14.98 


we sv 
MM SYM. 
MIN. | MAX. 


9.90) 12.70 
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HIGH SPEED 
Silicon Controlled Rectifier 


C158 — C159 


AMPLIFYING A ) 


GATE 


1200 Volts 110 A RMS 


The General Electric C158 and C159 Silicon Controlled Rectifiers are de- 
signed for power switching at high frequencies. These are all-diffused Pic- 
Pac devices employing the field-proven amplifying gate. 


FEATURES: 
© High di/dt ratings. 
e High dv/dt capability with selections available. 
e Excellent surge and I’t ratings providing easy fusing. 
¢ Guaranteed maximum turn-off time with selections available. 
© Rugged hermetic package with long creepage path. 


“LLU 
Bao lt TT TTTN | re 
< 160 
a 
i © 140 
2 
=z 
2 120 
a Eo 
» 2” 
5 100 2 90 
¥ SINUSOIDAL WAVEFORM w 
w are E 80 ai/at im 
rl aoe DUTY CYCLE & RECTANGULAR WAVEFORM 
80° CONDUCTION z 60 °, 
3 65°C CASE TEMPERATURE 7 ay ek Bees 
ad <a 40 
F 800 VOLT SWITCHING Pi 65C CASE TEMPERATURE 
20 800 VOLT SWITCHING + 
° | Ptiiij ot | | mt + — 
10 100 1000 YOK 200 500 1000 2000 5000 


FREQUENCY IN Hz FREQUENCY IN Hz 


MAXIMUM ALLOWABLE RATINGS 


C158E, 
C158M, 
C1588, 
C158N, 
C158T, 
C158P, 
C158PA, 
C158PB, 


C159E 
C159M 
C1598 
C1S59N 
C1S9T 
C159P 


C1IS9PA 
C159PB 


REPETITIVE PEAK OFF-STATE 
VOLTAGE, Vpam! 
Ty = -40°C to +125°C 


500 Volts 
600 
700 
800 
900 
1000 
1100 
1200 


1 Half sinewave waveform, 10 ms max. pulse width. 
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REPETITIVE PEAK REVERSE 
VOLTAGE, Vargo! 
Ty = -40°C to +125°C 


500 Volts 
600 
700 
800 
900 
1000 
1100 
1200 


NON-REPETITIVE PEAK 
REVERSE VOLTAGE, Vasu! 
Ty = +125°C 


600 Volts 
720 
840 
960 
1080 
1200 
1300 
1400 


C158, C159 


RMS On-State Current, It@amgs)- ++. te eee et ne ee 110 Amperes 
Peak One Cycle Surge (Non-Repetitive) On-State Current, Ipgy (60 Hz)... 2.2.2.2 2022 e eee ee eee 1600 Amperes 
Peak One Cycle Surge (Non-Repetitive) On-State Current, Ipsy (50 Hz) ........... 020. eee eee 1500 Amperes 
I*t (for fusing) for times > 1.5 milliseconds .. 0.2.0... ee eee 5,200 (RMS Ampere)” Seconds 
I’t (for fusing) for times > 8.3 milliseconds .........0 0.0002 cece eee eee 10,500 (RMS Ampere)? Seconds 
Critical Rate-of-Rise of On-State Current, Non-Repetitive.... 20... 2.0... ee ee eee 800 A/us f 
Critical Rate-of-Rise of On-State Current, Repetitive 2... 20... 20... ee eee 500 A/ys + 
Average Gate Power Dissipation, Pa(ayv).-- ee ee eee ee te ee 2 Watts 
Storage Temperitutes, Taeg: 6 Frau s cincted eee SoD eles eRe s bk eae Ee Tid Rae eee OES - .-40°C to +150°C 
Opeiating Temperature, Te 045 ca Rak vache eae Ee ee SSO RE eae AUR ET EYE eG -40°C to +125°C 
Std Torque vo kexicy erg ace yh eg neo he ace ei eee eee aa Woe ageteesy 150 Lb.-In. (Max.), 125 Lb.-In. (Min.) 


17 N-m (Max.), 14 N-m (Min.) 


tdi/dt ratings established in accordance with EIA-NEMA Standard RS-397, Section 5.2.2.6 for conditions of max. rated VprmM; 20 volts, 
20 ohms gate trigger source with 0.5 us short circuit trigger current rise time. 


CHARACTERISTICS 
rest avoor[ win [vv] wax | ons [vest conpimow id 


|| |” 
and Off-State Current and 
IpRM 
| - | 3 | io | 500 Volts Peak 
32h. 10 
C1588, C1598 3 10 
C158N, C159N 3 10 800 
C158T, C159T pa ee ee ee 900 
ie a a i000 
eae Ge ce ac i100 
ieee Dae coe 1200 
Repetitive Peak Reverse IRRM ae mA Ty = 125°C 
and Off-State Current and VprM = YRRM = 
IpRM 
naa ars 500 Volts Peak 
pesicmas | 00 
Pete eas 700 
ee mee Taal 300 
ane oe vas ol 300 
ee [eas i000 
oe oe a i100 
ier ee 1200 


Thermal Resistance ee ee ee °C/Watt | Junction-to-Case 


Critical Rate-of-Rise of dv/dt 200 500 Viusec | Ty = +125°C, Gate Open. Vprm = Rated 
Linear or Exponential Bins cee 
Exponential dv/dt = Yoru Cos” 


Off-State Voltage (Higher 
Higher minimum dv/dt selections available — consult factory. 


values may cause device 
Holding Current Iy 100 mAdc | Tc = +25°C, Anode Supply = 25 Vdc. 
Initial On-State Current = 2 Amps. 
Icr | _- | 80_| 


swit ching) 

DC Gate Trigger Current mAdc | Tc = +25°C, Vp = 6 Vdc, Ry = 3 Ohms 
ee ISD cf a00i Te = 40°C, Vp = 6Vde, Ry = 3 Ohms 
ae To = 128°C, Vp = 6Vde, Ry = 3 Ohms 
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C158, C159 


CHARACTERISTICS (Continued) 
eee ey TEST CONDITION 


DC Gate Trigger Voltage Tc =-40°C to 0°C, Vp = 6 Vde, Ry = 3 Ohms 
1, = 0°C to 125°C, Vp = 6 Vdc, Ry = 3 Ohms 
pots | 125°C, Vprm, Ri = 1000°‘Ohms 


Peak On-State Voltage Volts | Te = +25°C, lym = 500 Amps. Peak. 
Duty Cycle < .01%. 


Turn-On Delay Time Tc = +25°C, Ip = 50 Adc, Vppm, Gate 
Supply: 20 Volt Open Circuit, 20 Ohm, 
0.1 usec max. Rise Time, fT, t7Tt 


Conventional Circuit Tc = +125°C 

Commutated Turn-Off Izy = 150 Amps. 

Time (with Reverse Vr = 50 Volts Min. 

Voltage) Vpro (Reapplied) 
Rate-of-Rise of Reapplied Off-State 
Voltage = 20 V/usec (Linear) 
Commutation di/dt = 5 Amps/usec 
Repetition Rate = 1 pps. 
Gate Bias During Turn-Off Interval 
0 Volts, 100 Ohms 
To = +125°C 
Ir = 150 Amps. 
Vr = 50 Volts Min. 
VproM (Reapplied) 
Rate-of-Rise of Reapplied Off-State 
Voltage = 200 V/psec (Linear) 
Commutation di/dt = 5 Amps/usec 
Repetition Rate = 1 pps. 
Gate Bias During Turn-Off Interval 
0 Volts, 100 Ohms 


Conventional Circuit F Tc = +125°C 

Commutated Turn-Off Ty = 150 Amps. 

Time (with Feedback Vr =1 Volt 

Diode) Vpro (Reapplied) 
Rate-of-Rise of Reapplied Off-State 
Voltage = 200 V/usec (Linear) 
Commutation di/dt = 5 Amps/usec 
Repetition Rate = 1 pps. 
Gate Bias During Turn-Off Interval = 
0 Volts, 100 Ohms 


+Consult factory for specified maximum Turn-Off Time. 
t}Delay Time may increase significantly as the gate drive approaches the Igy of the Device Under Test. 
ttfCurrent rise time as measured with a current probe, or voltage rise time across a non-inductive resistor. 
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PEAK ON-STATE CURRENT-AMPERES 


SINEWAVE CURRENT RATING DATA 


| tit i 


- AMPERES 


k 
z 
Pr 
& 
« 
2 100 + 
w 
80 + 
z 
o 60 fet 
z + 
Zz so + i | +—} 
a 40 im 
a 

30 + + + 

H 
20 4 ak: 
10 — 
10 20 30 «40: 5060 80 100 200 300 400 500600 800 1000 2000 30004000 6000 81100 1,000 


PULSE BASE WIDTH-MICROSECONDS 


10 20 30 40 50 60 «680 «(100 200 300 400 500600 800 1000 2000 3000 4000 6000 8000 10,000 


PULSE BASE WIDTH-MICROSECONDS 


100 
PULSE BASE WIDTH -MICROSECONDS 


NOTES: 
(Pertaining to Sine and Rectangular Wave Current Ratings) 
1. Switching Voltage = 800 Volts. 
2. Maximum ckt. dv/dt = 200 Volts/usec 
3, Reverse Voltage Applied = VR 800 V. 
4, Required Gate Drive: 
20 volts, 65 ohms, 1 usec rise time for less than 100 
amps/usec 
20 volts, 20 ohms, .5 usec rise time for greater than 
100 amps/psec. 
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C158, C159 


1. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. PULSE WIDTH (Tg = 65 C) 


2. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. PULSE WIDTH (Tc = 90°C) 


3. ENERGY PER PULSE FOR SINUSOIDAL PULSES 


7. 


RC Snubber ckt. = 0.25 uf, 52 

Max. energy dissipated during reverse recovery to be 
45% of total W-S/P shown in chart 5 or 0.03 W-S/P 
whichever is least. 

Values of W-S/P are for Tj = 125°C. 


C158, C159 RECTANGULAR WAVE CURRENT RATING DATA 
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PEAK ON-STATE CURRENT (AMPERES) 


6 8 10 20 30 40 60 80 100 


RATE OF RISE ON-STATE CURRENT 
AMPERES PER MICROSECOND 


4. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. di/dt (Tc = 65°C) 


DUTY CYCLE — 50% 


200 
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el 
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RATE OF RISE ON-STATE CURRENT 
AMPERES PER MICROSECOND 


PEAK ON-STATE CURRENT ( AMPERES } 
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5. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. di/dt (Te = 90°C) 


DUTY CYCLE — 25% 


6 8 10 20 30 «40 60 80 100 


RATE OF RISE ON-STATE CURRENT 
AMPERES PER MICROSECOND 


PEAK ON-STATE CURRENT (AMPERES ) 


6. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. di/dt (Te = 65°C) 
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RATE OF RISE ON-STATE CURRENT 
AMPERES PER MICROSECOND 


7. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. di/dt (Te = 90°C) 


WATT-SECOND PER PULSE 


PEAK ON- STATE CURRENT (AMPERES) 


TA 
PCOS 
ST 
Na LT ENG 


NS 
10 20 40 60 80 100 200 «0 846600 1000 2000 4000 6000 10,000 
800 8000 


PULSE BASE WIDTH -MICROSECONDS 


8. ENERGY PER PULSE VS. PEAK CURRENT 
AND PULSE WIDTH (di/dt = 100 A/ysec) 


PEAK ON-STATE CURRENT (AMPERES) 


4. 
10 20 40 «60 «80 100 200 400 600 800 1000 2000 4000 banat 10,000 


PULSE BASE WIDTH - MICROSECONDS 


9. ENERGY PER PULSE VS. PEAK CURRENT 
AND PULSE WIDTH (di/dt = 25 A/usec) 
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INSTANTANEOUS ON-STATE CURRENT-AMPERES 
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PEAK HALF SINE WAVE 


C158, C159 
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PEAK ON-STATE CURRENT-(AMPERES) 
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PULSE BASE WIDTH - MICROSECONDS 


10. ENERGY PER PULSE VS. PEAK CURRENT 
AND PULSE WIDTH (di/dt = 5 A/usec) 


3 
is) 


INSTANTANEOUS GATE VOLTAGE -(VOLTS) 


05 2 3. 4 5S 6 7 8 9 0 nT) 2 3 4 6 8 1.0 20 3040 60 80100 
INSTANTANEOUS ON-STATE VOLTAGE -VOLTS INSTANTANEOUS GATE CURRENT -(AMPERES) 
11. MAXIMUM ON-STATE CHARACTERISTICS 12. GATE TRIGGER CHARACTERISTICS 


AND POWER RATINGS 


2000, —— r 15,000 
© 12,500 a 
1700 ay 10,000 [- 
a y 
2 1500 a £ 8000 
i ec 
= 2 6000 
4 £ 
1200 5000 
a 4000 
& INITIAL Ty = -40°C TO +125°C 
& 1000 4, | 3000 
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* 4 BEF s000 
wn 
2 800} —} ft 25ue 
5 INITIAL Ty = ~40°C TO +125°C yweo 
¥2 a 1500 
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890; is 2. 3 4 6 8 10 20 40. 60 achat 15 2 3 4 6 8 10 
NUMBER OF CYCLES AT 60 Hz PULSE BASE WIDTH mSEC 
13. SURGE (NON-REPETITIVE) ON-STATE CURRENT 14. SUB-CYCLE SURGE (NON-REPETITIVE) 


ON-STATE CURRENT AND [’?t RATING 
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C158, C159 


RECOVERED CHARGE Qpipec) [2 COULOMBS 


LOW FREQUENCY DATA 


4 2 4 


6 a8 10 20 
REVERSE di/dt — Aj SEC 


15. TYPICAL RECOVERED CHARGE (125°C) 
SINEWAVE CURRENT WAVEFORM 


TRANSIENT THERMAL IMPEDANCE 
(°C PER WATT) 
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n 
i=} 


RECOVERED CHARGE Qr(REc) H COULOMBS 


40 60 80 100 


=a 
4 6 8 10 
REVERSE di/dt— A/p SEC 


16. TYPICAL RECOVERED CHARGE (25°C) 
SINEWAVE CURRENT WAVEFORM 


' 10 100 


TIME (SECONDS) 


17. TRANSIENT THERMAL IMPEDANCE — 
JUNCTION-TO-CASE 
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C158, C159 


OUTLINE DRAWINGS 


MIN. | MAX Mine MAX. MIN. | MAX. MIN” jae 

ra [eed so 
Pa a OE 
Te _[raconer | 7sener | w | ose| ore] vey] ara] | 
ef ecfeos|weieoret PP 
Pr [rer] eerfeozalarol] TT | |_| 
ae] aol sr tl a= | eel 
P— | sel 2 | 


MODEL a a TERMINAL | TERMINAL s 
@ @ THREAD SIZE 
pacers y ade ae | anone | eerie 
+ 


NOTES: 

4, ONE NUT AND ONE LOCKWASHER SUPPLIED WITH EACH UNIT. MATERIAL 
OF HAROWARE IS STEEL, CAD PLATED. 

2. "T" DIM. IS AREA OF UNTHREADED PORTION. COMPLETE THDS. ARE 
WITHIN 2.5 THREADS OF SEATING PLANE. 

3. ANGULAR ORIENTATION OF TERMINALS IS UNDEFINED. 


[30s| 415 e77fiosal + | — | 060] 


MIN. | MAX.| MIN. se pn MAX. wun MAX. 
[=| so} 200} 250] 2 le sel ae =| 
| ¢ {1.570]1.750 [39.87 1270] Mw | 095 [ 165] 2.41 | 
| Dd |6.000)/6.390[152.40|162.31| P seat Saas a 
| € |6.850|7,500|173: qa | 425} 499| lo79/ 126 


Et SEATING PLANE 
G i= 


SEE NOTE 2 


L 
—|Mp 7 
a: 
i TERNAL raat Tee 
MODEL en SIZE 


@ noe 


NOTES: @ 
|. GATE & AUX. CATHODE LEADS SUPPLIED LIGHTLY TWISTED TOGETHER. 
2.FLEXIBLE COPPER LEAD. 


3 ONE NUT AND ONE LOCKWASHER SUPPLIED WITH EACH UNIT. MATERIAL OF 
HARDWARE |S STEEL, CAD PLATED 


4. "R" DIM. IS DIA. OF EFFECTIVE SEATING AREA. 


5."T" DIM. 1S AREA OF UNTHREADED PORTION. COMPLETE THDS. ARE 
WITHIN 2.5 THREADS OF SEATING PLANE. 
6. ANGULAR ORIENTATION OF TERMINALS #S UNDEFINED. 
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HIGH SPEED 
Silicon Controlled Rectifier 


B00Volts — LIOARMS nrc 2 T— 


C164 /C165 


The General Electric C164 and C165 Silicon Controlled Rectifiers are de- 
signed for power switching at high frequencies. These are all-diffused Pic- 
Pic devices, employing the field-proven amplifying gate. 


FEATURES: 

High di/dt Ratings. 

High dv/dt Capability with Selections Available. 
Excellent Surge and I?t Ratings Providing Easy Fusing. 
Guaranteed Maximum Turn-Off Time with Selections Available. 
Rugged Hermetic Package with Long Creepage Path. 


Equipment designers can use the C164 and C165 SCR’s in demanding applications such as: 


¢ Choppers e Sonar Transmitters e Cycloconverters 
e Inverters e Induction Heaters e DC to DC Converters 


MAXIMUM ALLOWABLE RATINGS 


REPETITIVE PEAK OFF-STATE | REPETITIVE PEAK REVERSE NON-REPETITIVE PEAK 
VOLTAGE, Vorm! VOLTAGE, Vargm! REVERSE VOLTAGE, Vasu! 
Ty = -40°C to +125°C Ty = -40°C to +125°C Ty = +125°C 


C164/C165A 100 Volts 100 Volts 200 Volts 
C164/C165B 200 300 
C164/C165C 300 400 
C164/C165D 400 500 
C164/C165E 500 600 
C164/C165M 600 720 
C1658 700 840 
C165N 800 960 


! Half sine wave waveform, 10 ms max. pulse width. 


RMS On-State Current, TERMS) ink oa ee tees See Se EEE Dae ee nae R ad bie de Soak Ga es 110 Amperes 
Peak One Cycle Surge (Non-Repetitive) On-State Current, Ipgy (60 Hz)... 2... ..00... 0000s 1800 Amperes 
Peak One Cycle Surge (Non-Repetitive) On-State Current, Ipgy (50 Hz)... 0.0.0 ee ee 1700 Amperes 
I?t (for fusing) for times > 1.5 milliseconds... 2.000002 eee cece eae 9,500 (RMS Ampere)? Seconds 
I’t (for fusing) for times > 8.3 milliseconds ..........0. 0000 eee e eee eeeeee 13,500 (RMS Ampere)? Seconds 
Critical Rate-of-Rise of On-State Current, Non-Repetitivet.........0.0-0 000. cece cece ee eee ee eeae 800 A/ps 
Critical Rate-of-Rise of On-State Current, Repetitivet ... 2.0.2. eee nee 500 A/us 
Average Gate-Power Dissipation, Pa cawy eo bose aie ans gh eal sah See da sa Wea wale d voy Rae Paar ed 2 Watts 
Storage Teniperaties Ma potatos oF wy Suede maton ais out Aen © oleh anal Cath ava Grdlela ds of AYR eocdeta -40°C to +150°C 
Operating Temperature, Ty 20.2... eee nent et been een eeaes -40°C to +125°C 
Studs Torque™. 2.065.) veh the ee eh Se Re Bee ee eo an ps wie De ee ose 125-150 In-Lb 

14-17 N-m 


{di/dt ratings established in accordance with EIA-NEMA Standard RS-397, Section 5.2.2.6 for conditions of max. rated VppmM; 20 volts, 
20 ohms gate trigger source with 0.5us short circuit trigger current rise time. 
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C164, C165 


CHARACTERISTICS 


TEST CONDITION 


Peak Reverse and Off- Ty = +25°C, V = Vprm = Vrru 
State Current 


Peak Reverse and Off- Ty = +125°C, V = Vprm = Vrro 
State Current 


Junction-to-Case 


Critical Rate-of-Rise of Ty = +125°C, Gate Open. Vprm = Rated 
Off-State Voltage (Higher linear or exponential rising waveform. 


values may cause device . _ VpRM 
aaciching) Exponential dv/dt = : (.632) 


Higher minimum “= selections available — consult factory. 


Initial On-State Current = 2 Amps. 
DC Gate Trigger Current mAdc | Tc = +25°C, Vp = 6 Vdc, Ry = 3 Ohms 
To = -40°C, Vp = 6 Vdc, Ry = 3 Ohms 
175 To = +125°C, Vp = 6 Vdc, Ry = 3 Ohms 


DC Gate Trigger Voltage | 3 | 5 | Vde_ | Te =-40°C to 0°C, Vp = 6 Vdc, Ry = 3 Ohms 
i eeecsee ie =0°C to 125°C, Vp =6 Vdc, Ry = 3 Ohms 


= 125°C, VprMm> Ry = 1000 Ohms 


Peak On-State ene Volts = = +25°C, Ipy = 500 Amps. Peak. 
Duty Cycle < 01%. 

soma Time usec To = +25°C, Iy = 50 Adc, Vprm. Gate 
Supply: 20 Volt Open Circuit, 20 Ohm, 
0.1 usec max. rise timet+, ¢++ 


Conventional Circuit Com- usec Tc = +125°C 

mutated Turn-Off Time Itm = 150 Amps. 

(with Reverse Voltage) C164 Vr = 50 Volts Min. 

; V Reapplied 
ee ee Rate-of-Rise of Reapplied Off-State 
imes Available, Consult _ ; 

Factory Voltage = 200V/usec (linear) 
Commutation di/dt = 5 Amps/usec 
Repetition Rate = 1 pps. 
Gate bias during turn-off interval = 
0 voits, 100 ohms 

Conventional Circuit tg psec To = +125°C 

Commutated Turn-Off (diode) Itm = 150 Amps. 

Time (with Feedback Ve = 1 Volt 

Diode) VprM, Reapplied 

C164 15 + Rate-of-Rise of Reapplied Off-State 
C165 20 + Voltage = 200V/usec (linear) 

Commutation di/dt = 5 Amps/usec 
Repetition Rate = 1 pps. 
Gate bias during turn-off interval = 
0 volts, 100 ohms. 


+Consult factory for specified maximum turn-off time. 
++Delay time may increase significantly at the gate drive approaches the Igy of the Device Under Test. 
+++Current risetime as measured with a current probe, or voltage risetime across a non-inductive resistor. 
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C164,C165 


INSTANTANEOUS ON-STATE CURRENT - AMPERES 


4000 /- _ 
3000 40 +. 
2000 ; ONO 
wn 30 an gNo % 4; 
5 eo 1 dle PON 
ro) > SON, 1 
1000 $ 20 ; + 2 NOt aD 
800 1 Nes! X%y) PENS 
600 wu Ne ITE 
ONS SONS | OP 
< NY MN?» | °C 
400 a Be 2 SO, “- SNS >> 
g 
300 $3 Taos Bt 
XO oF 
200 eats ex 4 
é : Locus a 
100 Ses 40°C lor L 
80 ° POSSIBLE 
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INSTANTANEOUS ON-STATE VOLTAGE - VOLTS NOTES: (INSTANTANEOUS GATE CURRENT ~ AMPERES 


1, The locus of possible DC trigger points lies outside the 
boundaries shown at various case temperatures. 


1. MAXIMUM ON-STATE CHARACTERISTICS 2. GATE TRIGGER CHARACTERISTICS 
AND POWER RATINGS 


Vgw = 400V 
Ve $ 400V 
RC SNUBBER: 5, .25pt 


20F + + + tot yt 


Go 20 40 60 100 200 400 600 1000 2000 4000 10,000 06 20 40 60 100 200 400 600 1060 2000 4000 = 10,000 
PULSE BASEWIDTH - MICROSECONDS PULSE BASEWIDTH - MICROSECONDS 
3. MAXIMUM ALLOWABLE PEAK ON-STATE 4. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. PULSE WIDTH (Tc = 65°C) CURRENT VS. PULSE WIDTH (Tc = 90°C) 
10,000 ia i ic ia 
NOTES 7 i re) 
Vgw = 400V @ 15,000 
os Ve $ 400V 4 me a 
ul BER: 52, . a 
= wm 8,000 
= 1990 2 
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PULSE BASEWIDTH ~ MICROSECONDS 
PULSE BASE WIDTH- (MILLISECONDS) 
5. ENERGY PER PULSE FOR SINUSOIDAL PULSES 6. SUB-CYCLE SURGE (NON-REPETITIVE) 


ON-STATE CURRENT AND I[?t RATING 
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C164, C165 


TRANSIENT THERMAL IMPEDANCE 
(°C PER WATT) 


Ol S01 0 rn i 10 100 
TIME (SECONDS) 


7. TRANSIENT THERMAL IMPEDANCE — 
JUNCTION-TO-CASE 


OUTLINE DRAWING 


J SEATING PLANE 
E A 
G aa r ipa 
. °° METRIC 
{i — INCHES MM sym,| INCHES 
H -~ § MIN. | MAX. N.| MAX. MIN. | MAX. 
1.140/25.90/28.96] L | 


1.460 REF. 


1.660] 1.800 | 42.16} 45.72 


ita 


| & | 312 REF 
F |. 1 


‘ 
MODEL TERMINAL | TERMINAL | TERMINAL Ss 
(0) @ ® THREAD SIZE 
Cl64-2 
Cie5-2 GATE CAURODE | anooe 142-20 UNF-24 


NOTES: 


|. ONE NUT AND ONE LOCKWASHER SUPPLIED WITH EACH UNIT. MATERIAL 
OF HARDWARE IS STEEL, CAD PLATEO. 

2. "T" DIM. IS AREA OF UNTHREADED PORTION. COMPLETE THDS. ARE 
WITHIN 2.6 THREADS OF SEATING PLANE. 

3. ANGULAR ORIENTATION OF TERMINALS IS UNDEFINED. 


SEATING PLANE 
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TERMINAL | TERMINAL | TERMINAL | TERMINAL s 
C164 GATE AUX _ | CATHODE | ANODE 
clé5 CATHODE + —  |\72 20UNF-2A 


NOTES: 

I. GATE & AUX. CATHODE LEADS SUPPLIED LIGHTLY TWISTED TOGETHER. 

2.FLEXIBLE COPPER LEAD. 

3. ONE NUT AND ONE LOCKWASHER SUPPLIED WITH EACH UNIT. MATERIAL OF 
HARDWARE IS STEEL, CAD PLATED. 

4."R" DIM. IS DIA. OF EFFECTIVE SEATING AREA. 

5. "T" DIM. IS AREA OF UNTHREADED PORTION. COMPLETE THDS. ARE 
WITHIN 2.5 THREADS OF SEATING PLANE. 

6. ANGULAR ORIENTATION OF TERMINALS {S UNDEFINED. 
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ee 


Silicon 
Controlled Rectifier aY 


1300 Volts 235ARMS 


The General Electric C180 Silicon Controlled Rectifier is designed for phase 
control applications. This is an all-diffused Pic-Pac device, employing the 
field-proven amplifying gate. 


FEATURES: 

High di/dt Ratings 

High dv/dt Capability with Selections Available 
Excellent Surge and I?t Ratings Providing Easy Fusing 
Rugged Hermetic Package with Long Creepage Path 


REPETITIVE PEAK OFF-STATE | REPETITIVE PEAK REVERSE NON-REPETITIVE PEAK 
VOLTAGE, Vopr! VOLTAGE, Varm! REVERSE VOLTAGE, Vasu! 
Ty = -40°C to +125°C Ty = -40°C to +125°C Ty = +125°C 


C180A 100 Volts 200 Volts 
C180B 200 300 
C180C 300 400 
C1i80D 400 500 
C180E 500 600 
C180M 600 720 
C1808 700 840 
C180N 800 950 
C180T 900 1075 
C180P 1000 1200 
C180PA 1100 1325 
C180PB 1200 1450 
C180PC 1300 1550 


1 Half sinewave waveform, 10 msec. max. pulse width. 


RMS On-State Current, It(pgms)---- ee tee eens 235 Amperes (All Conduction Angles) 
Average On-State Current, Ip(ayy . 0 eee eee eens Depends on Conduction Angle (See Charts) 
Peak One-Cycle Surge (Non-Repetitive) On-State Current, Ipgy (60 Hz)... .--..- eee ee ee eee 3500 Amperes 
Peak One-Cycle Surge (Non-Repetitive) On-State Current, Ipgy (50 Hz)... 2... ee ee eee eee 3200 Amperes 
Critical Rate-of-Rise of On-State Current (Non-Repetitive)*. 0... 0 eee ene 800 A/us 
Critical Rate-of-Rise of On-State Current (Repetitive)* ©... 0... ce eee ee teens 500 A/us 
I’t (for fusing), for times > 1.5 milliseconds... 2.0.2.2... eee ee eee 32,000 (RMS Ampere)* Seconds 
Peak Gate Power Dissipation, Pay... 6. ee ee ee eee ee en eee ee ee eee 10 Watts 
Average Gate Power Dissipation, Pgcav) -- +. ee eee ene teen nee 2 Watts 
Storage: Temperatures Tp acgit arse. aks ae soa dia hs wikia cre te wel reba oh Stanek dy. Ooo de ar -40°C to +150°C 
Operating Temperature, Ty 2... ccc eee ee ee een tee e eee een eenes -40°C to +125°C 
Stud Torque. icc: cei ase iac esa fed Date Ne es BACK ode A OER Gad a Lecce alec d hand 250 Lb.-In. (Min.) — 300 Lb.-In. (Max.) 


28 N-m (Min.) — 34 N-m (Max.) 


*di/dt ratings established in accordance with EIA-NEMA Standard RS-397, Section 5.2.2.6 for conditions of Vpry stated above; 20 volts, 
20 ohms gate trigger source with 0.5 jusec short circuit trigger current rise time. 
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SS ~—v 


CHARACTERISTICS 


Repetitive Peak Reverse 
and Off-State Current 


Repetitive Peak Reverse 
and Off-State Current 


Thermal Resistance R@ic 


Critical Rate-of-Rise of 
Off-State Voltage. (Higher 
values may cause device 
switching.) 


an 


Ty = +125°C 


VprRM = VRRM = 


Junction-to-Case 


Ty = +125°C, Vpprm = Rated Using Linear 
or Exponential Rising Waveform, Gate 
Open Circuited. Exponential dv/dt = (.632) 


Higher minimum dv/dt selections available — consult factory. 


Holding Current 


Turn-On Delay Time 
Gate Pulse Width 


Necessary to Trigger 


DC Gate Trigger Current 


DC Gate Trigger Voltage 


ler | - | 
io 

ee] 

ig ba 
heal all 


Peak On-State Voltage 


150 


= +25°C, Anode Supply = 24 Vdc. 
Le On-State Current - 2.5 Amps. 


Te = +25°C, Ip = 100 Adc, Vprm = Rated 
Gate Supply: 10 Volt Open Circuit, 25 
Ohm, 0.1 usec max, rise time. 


Tc = 25°C, Gate Supply: 20 Volt Open Cir- 
cuit, 40 Ohm, .5 usec rise time. Ir = 1 Amp. 
For High di/dt Capability, See Chart 7. 


Tc = +25°C, Vp = 6 Vdc, Ry = 3 Ohms 
Tc = -40°C, Vp = 6 Vdc, Ry = 3 Ohms 
To = +125°C, Vp = 6 Vide, Ry = 3 Ohms 


Tc = -40°C to +125°C, Vp = 6 Vdc, Ry = 
3 Ohms 


To = +125°C, Vp 


Te = +25°C, Itm = 
Duty Cycle < 0.01% 


= Rated, Ry = 1000 Ohms 
1500 Amps. Peak 


=< 


SINUSOIDAL WAVEFORM 


cy 
° 


T 


“¢ 


MAXIMUM ALLOWABLE CASE TEMPERATURE - °C 


MAXIMUM ALLOWABLE CASE TEMPERATURE 
oa 
°o 


20 40 60 80 0 120 0 i160 180 200 220 240 


AVERAGE ON-STATE CURRENT - AMPERES AVERAGE ON -STATE CURRENT - AMPERES 
1. MAXIMUM ALLOWABLE CASE TEMPERATURE 2. MAXIMUM ALLOWABLE CASE TEMPERATURE 
FOR SINUSOIDAL CURRENT WAVEFORM FOR RECTANGULAR CURRENT WAVEFORM 


. Fis, ee 
3000 eo 
: : = 
Ff f ™ 
a w 2500 [s 
« 27 
3 55 | | alee e| 
w #82000 
o Oo 
: Zu 1500 
° < 
a ar 
3 &, 1000 
z g 
5 500 
2 
wn 
z 
! 3 4 eo; 2 4 6 6 Ww 20 a0. 60 
INSTANTANEOUS ON - STATE VOLTAGE DROP—VOLTS CYCLES AT 60 CPS Hz. 
3. MAXIMUM ON-STATE CHARACTERISTICS 4. MAXIMUM ALLOWABLE SURGE (NON- 


REPETITIVE ON-STATE CURRENT RATING 


AVERAGE ON-STATE POWER DISSIPATION — WATTS 


8 2 60 200 240 


AVERAGE ON-STATE CURRENT - AMPERES *° AVERAGE ON- STATE CURRENT ~ AMPERES 

5. MAXIMUM ON-STATE POWER DISSIPATION 6. MAXIMUM ON-STATE POWER DISSIPATION 
FOR SINUSOIDAL CURRENT WAVEFORM FOR RECTANGULAR CURRENT WAVEFORM 
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100 —— ae ee 


w 


20v, egal 1S MINIMUM GATE SOURCE seit 
LINE’ AT di/dt > 100 AMP/8 | \1 
Tp= 5uSEC MIN, 0.5 u SE 


INSTANTANEOUS GATE VOLTAGE - VOLT 


20V,|65 2.18 MINIMUM GATE SO nee LOAD 
LINEIAT di/dt < !00 AMP/S 
Tp 5. SEC. MIN.| LO pe SEC MAXIRISE TIME 


4 6 B81 : 4 6. 8.10 20 40 6080100 
INSTANTANEOUS GATE CURRENT - AMPERES 


NOTES: 
1. Maximum allowable gate power dissipation = 2 watts. 


2. The locus of possible DC trigger points lie outside 
the boundaries shown at various case temperatures. 


3. Tp = rectangular gate current pulse width. 


7. GATE TRIGGERING CHARACTERISTICS 


50 TO 400 CPS 


CONDUCTION 
ANGLE = 


100 200 300 400 500 600 
AVERAGE ON -STATE CURRENT - AMPERES 


8. MAXIMUM ON-STATE POWER DISSIPATION 
FOR SINUSOIDAL CURRENT WAVEFORM 
(EXTENDED RANGE) 


“l 


2 


1T RATING (RMS AMPE 
-SECONDS X 1000 


1000 


HALF SINEWAVE ON- 
STATE cen CURRENT 


AMPERES 


jo 


PULSE WIDTH- MILLISECONDS 
10. SUB-CYCLE SURGE (NON-REPETITIVE) 


CURRENT RATING FOLLOWING 
ON-STATE RATED LOAD CONDITIONS 


I 2 3 4 5 6 7 8 930 
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B Oo 
o.)60U°#8 
o. 8.068 


1200 


1000 DUTY CYCLE=25% 
12.5 % 


AVERAGE ON- STATE POWER DISSIPATION - WATTS 


4 600 
AVERAGE ON-STATE CURRENT — AMPERES 


9. MAXIMUM ON-STATE POWER DISSIPATION 
FOR RECTANGULAR CURRENT WAVEFORM 
(EXTENDED RANGE) 


TRANSIENT THERMAL IMPEDANCE -°C/W 


SIME -SECONDS. 
11. TRANSIENT THERMAL IMPEDANCE — 
JUNCTION-TO-CASE 


RR7 #C 
N 
Q 


Q, (REC) 


= AAIMUM R 2, RED HAR 
{ SIMULATED TRAPAZOIDAL WAVEFORM) 


RECOVERED CHARGE - Q 


4 6 810 2 4 6 6100 
REVERSE di/dt (AMPERES & SEC.) 


12. MAXIMUM RECOVERED CHARGE 


OUTLINE DRAWING 


METRIC 
(MM) 


TERMINAL | TERMINAL] TERMINAL | TERMINAL s 
MODEL (0) ® @ (2) THREAD SIZE 
ciso Cl8s AUX. | CATHODE 
C186 GATE | CATHODE + 3/4-16 UNF-2A 


NOTES: 
1. Gate and auxiliary cathode leads supplied lightly 
twisted together, 
2. Flexible copper lead. 
3. One nut and one lockwasher supplied with each unit. 
Material of hardware is steel, cad plated. 


4. “T"' dimension is area of unthreaded portion. Com- 
plete threads are within 2.5 threads of seating plane. 


5, Angular orientation of terminals is undefined. 
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High Power 


Silicon C180 X500 


Controlled Rectifier ¥ 


800 Volts 300ARMS 


The General Electric C180X500 Silicon Controlled Rectifier is specifically 
designed for low voltage phase control applications; e.g., welding, battery 
charging, plating supplies, etc. The SCR has very low power dissipation, 
thereby giving high current capability on free convection, air-cooled 
heatsinks. 


FEATURES: 


Low On-State Voltage 

Excellent Surge and J*t Ratings Providing Easy Fusing 
High di/dt Ratings 

High dv/dt Capability with Selections Available 
Rugged Hermetic Package with Long Creepage Path 


MAXIMUM ALLOWABLE RATINGS 


REPETITIVE PEAK OFF-STATE | REPETITIVE PEAK REVERSE NON-REPETITIVE PEAK 
VOLTAGE, Vorm' VOLTAGE, Varu! REVERSE VOLTAGE, Vasu! 
Ty = -40° C to +125°C Ty = -40°C to +125°C Ty = +125°C 


C180AX500 100 Volts 100 Volts 200 Volts 
C180BX500 200 
C180CX500 300 
C180DX500 400 
C180EX500 500 
C180MXS500 600 
C180SX500 700 
C180NX500 800 


1 Half sinewave waveform, 10 msec. max. pulse width. 


RMS On-State Current, Ip¢gnsy. eee ce ee eee tee ese eennes 300 Amperes (All Conduction Angles) 
Average On-State Current, Ip(qy).-- 2 ee eee Depends on Conduction Angle (See Charts) 
Peak One-Cycle Surge (Non-Repetitive) On-State Current, Itsy (60 Hz)... 2.20.2... eee eee 5500 Amperes 
Peak One-Cycle Surge (Non-Repetitive) On-State Current, Ipgy (50 Hz)... 2... ce eee 5000 Amperes 
Critical Rate-of-Rise of On-State Current (Non-Repetitive)* 0... 0.0 ee ee tenes 800 A/us 
Critical Rate-of-Rise of On-State Current (Repetitive)* 2.0... ee ee teens 500 A/ps 
I’t (for fusing), for times > 1.5 milliseconds. .........0 0.0000 0c e ee ee ees 75,000 (RMS Ampere)* Seconds 
Peak Gate Power Dissipation, Pgy.... 2... ee eee ee eee ete nnn 10 Watts 
Average Gate Power Dissipation, Pgcay) .---  e e  e  ee ene 2 Watts 
Storage ‘Temperdtuie: Tjgna ance e ania tee aw er hee kee RAE ea aw aed weenie ee WES -40°C to +150°C 
Operating Temperature, Ty 0... eee eee een eens -40°C to +125°C 
Stud Torque: «24: oC taed Late ass ae a eae oes ieee 2 SG 250 Lb.-In. (Min.) — 300 Lb.-In. (Max.) 


28 N-m (Min.) — 34 N-m (Max.) 


*di/dt ratings established in accordance with EIA-NEMA Standard RS-397, Section 5.2.2.6 for conditions of Vprywm stated above: 20 volts, 
20 ohms gate trigger source with 0.5 usec short circuit trigger current rise time. 
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C180X500 


CHARACTERISTICS 


TEST CONDITIONS 
°° 


VprM = VrrM = 
100 Volts Peak 
200 
300 
400 


Repetitive Peak Reverse 
and Off-State Current 


C180AX500 
C180BX5S00 
C180CXS500 
C180DX500 


IRRM 


W] Oo} WW!) Gd] a] wo 


C180EX500 500 
C180MX500 600 
C180SX500 700 
C180NX500 800 


Ty = +125°C 
VprM = VrrM = 

100 Volts Peak 
200 
300 
400 
500 
600 
700 
800 
Junction-to-Case 
Ty = +125°C, Vppm = Rated Using Linear 


or Exponential Rising Waveform. Gate Open 
Circuited. Exponential dv/dt = (.632) 


TYP. MAX. 
Repetitive Peak Reverse 
and Off-State Current 
C180AX500 
C180BX500 
C180CX500 
C180DX500 
C180EX500 
C180MX500 
C180SX500 
C180NX500 
Pi Ree PR [fe Po 


Critical Rate-of-Rise of dv/dt V/usec 
Off-State Voltage. (High- 
er values may cause 
device switching. 
Higher minimum — selections available — consult factory. 
Holding Current mAdc } Tc = +25°C, Anode Supply = 24 Vdc. 
Initial On-State Current = 2.5 Amps. 

a iad it ld cr Suppl vt Ore Ch 25 


Gate Supply: 10 Volt Open Circuit, 25 
Ohms, 0.1 usec max. rise time. 
Gate Pulse Width msec Tc = 25°C, Gate Supply: 20 Volt Open Cir- 
Necessary to Trigger cuit, 40 Ohms, 5 usec rise time. Ir = 1 Amp 
Icor 100 150 mAdc 
_ 125 
Ver _ 1.25 3.0 
Ry, = 3 Ohms 
Tc = +125°C, Vp = Rated, Ry = 1000 Ohms 
Peak On-State Voltage 1.75 Volts To = +25°C, Iym = 900 Amps Peak. 
Duty Cycle < 0.01%. 


For High di/dt Capability, See Chart 7 
Tc = +25°C, Vp = 6 Vde, R 

Tc = -40°C, Vp = 6 Vdc, Ry = 3 Ohms 
Tc = +125°C, Vp = 6 Vdc, Ry = 3 Ohms 
Tc = -40°C to +125°C, Vp = 6 Vde, 


DC Gate Trigger Current 


DC Gate Trigger Voltage 
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C180X500 


SINUSOIDAL WAVEFORM 
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AVERAGE ON~STATE CURRENT — AMPERES 
2. MAXIMUM ALLOWABLE CASE TEMPERATURE 


aiknnee ON-STATE SUNRENES AMPERES 
MAXIMUM ALLOWABLE CASE TEMPERATURE 


1. 


FOR RECTANGULAR CURRENT WAVEFORM 


FOR SINUSOIDAL CURRENT WAVEFORM 
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FOR RECTANGULAR CURRENT WAVEFORM 
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5. MAXIMUM ON-STATE CHARACTERISTICS 
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C180X500 


NOTES: 


1. Maximum allowable gate power dissipation = 2 watts. 


2. The locus of possible DC trigger points lie outside 
the boundaries shown at various case temperatures. 


3. Tp = rectangular gate current pulse width. 


INSTANTANEOUS GATE VOLTAGE - VOLTS 


Tp? Su SEC. MIN., 104 SEC MAXIRISE TIME 


2 4 6 810 2 4 6 8.10 20 40 60 80 100 


6. GATE TRIGGERING CHARACTERISTICS 
. INSTANTANEOUS GATE CURRENT - AMPERES 


i bl 20V,]65 21S MINIMUM GATE SO REE! LOAD 
auil| LINELAT di/dt < 100 AMP/iS | 
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9 h8200 ze 
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I LS 2 3 4 6&6 6 7 891 .001 Ot 0.1 1.0 10 100 
PULSE TIME~ MILLISECONDS TIME — SECONDS 
7. SUB-CYCLE SURGE (NON-REPETITIVE) 8. TRANSIENT THERMAL IMPEDANCE — 
CURRENT RATING FOLLOWING JUNCTION-TO-CASE 


ON-STATE RATED LOAD CONDITIONS 


OUTLINE DRAWING 


SEATING PLANE 


INCHES METRIC INCHES 
(MM) 
MIN. MAX. | MIN. MAX. MIN. MAX. 


1.450 | 1.550 (36.83 /39.37 


reso i 


C180X500 
) 
2) 
(AD NOTES: 
1. Gate and auxiliary cathode leads supplied lightly 4. “T’’ dimension is area of unthreaded portion. Com- 
twisted together. plete threads are within 2.5 threads of seating plane. 
} 2, Flexible copper lead. 5. Angular orientation of terminals is undefined. 


3 One nut and one lockwasher supplied with each unit. 
Material of hardware is steel, cad plated. 
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HIGH SPEED 


Silicon Controlled Rectifier 


600 Volts 300A RMS 


The General Electric C184 and C185 Silicon Controlled Rectifiers are de- 
signed for power switching at high frequencies. These are all-diffused Pic- 
Pac devices, employing the field-proven amplifying gate. 


FEATURES: 

High di/dt Ratings. 

High dv/dt Capability. 

Excellent Surge and I?t Ratings Providing Easy Fusing. 
Guaranteed Maximum Tum-Off Time with Selections Available. 
Rugged Hermetic Package with Long Creepage Path. 


MAXIMUM ALLOWABLE RATINGS 


REPETITIVE PEAK OFF-STATE | REPETITIVE PEAK REVERSE NON-REPETITIVE PEAK 
TYPES VOLTAGE, Vprm! VOLTAGE, Var! REVERSE VOLTAGE, Vasu! 
Ty = -40°C to +125°C T) = -40°C to +125°C Ty = +125°C 


C184/C185A 100 Volts 100 Volts 200 Volts 
C184/C185B 200 300 
C184/C185C 300 400 


C184/C185D 400 500 
C184/C185E 500 600 
C184/C185M 720 
C1858 840 
C185N 960 


1 Half sinewave waveform, 10 ms max. pulse width. 


RMS On-State Current, Ip¢pms)-- + - ee tenet erence tenes 300 Amperes 
Critical Rate-of-Rise of On-State Current, Non-Repetitivey. 2.0.0... 0... ce ee eee ee eee 800 A/ys 
Critical Rate-of-Rise of On-State Current, Repetitivet.. 2... 0... ee ec ce eee ee ene 500 A/ps 
Peak One Cycle Surge (Non-Repetitive) On-State Current, Ipgy (60 Hz)... 20... ee ee ees 3500 Amperes 
Peak One Cycle Surge (Non-Repetitive) On-State Current, Ipgy (50 Hz)... 1... ee ee ee ee es 3200 Amperes 
I?t (for fusing) for times > 1.5 milliseconds ........... 0002 e eee ence eee eee 35,000 (RMS Ampere)” Seconds 
It (for fusing) for times > 8.3 milliseconds ........... 00 eee eee eee reece 50,000 (RMS Ampere)? Seconds 
Average Gate Power Dissipation, Pg(ay).---- ee ee ee eee teen eee teen eee nee 2 Watts 
Storage Temperate Tyo 4 ste Siege Cee ee Ra eNO See Fake Dek ee eee eed ees -40°C to +150°C 
Operating Temperature, Ty sue os 5 324d 5 eS Uwe ae KEP akes tetera alee See WEN ass -40°C to +125°C 
Stud “Torque io. ob ak de ee eed Beh eee ee Se a peas Pee Bem Se 300 Lb-In (Max.), 250 Lb-IN (Min) 


34 N-m (Max.), 28 N-m (Min.) 


t+di/dt ratings established in accordance with EIA-NEMA Standard RS-397, Section 5.2.2.6 for conditions of max. rated VpRM; 20 volts, 
wo ohms gate trigger source with 0.5ys short circuit trigger current rise time. 
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C184,C185 


CHARACTERISTICS 


TEST CONDITIONS 
Ty = +25°C, V = Vprm = Vrrm 


3 


Repetitive Peak Reverse 
and Off-State Current 


Repetitive Peak Reverse 
and Off-State Current 


Ty = 125°C, V= VpRM = VRRM 


-15 | °C/Watt | Junction-to-Case 


Critical Rate-of-Rise of 200 S00 Viusec | Ty = +125°C, Gate Open. Vppmy = Rated, 
Off-State Voltage (Higher linear or exponential rising waveform. 
values may cause device : — VDRM 

switching) Exponential dv/dt = a (.632) 


Higher minimum dv/dt selections available — consult factory. 


ee ree ea 500 | mAdc | Te = +25°C, Anode Supply = 24 Vde. 
Initial On-State Current = 2.5 Amps. 
DC Gate Trigger Current Iot | = | mAdec | Te = +25°C, Vp = 6 Vdc, Ry = 3 Ohms 
ee il Tc = -40°C, Vp = 6 Vdc, Ry, = 3 Ohms 
| - | Tc = +125°C, Vp = 6 Vdc, Ry, = 3 Ohms 


DC Gate Trigger Voltage Vor : Tc =-40°C to 0°C, Vp =6Vdc, Ry =3 Ohms 
To =0°C to 125°C, Vp = 6Vdc, Ry = 3 Ohms 


Tc =+125°C, Vprm, Ry = 1000 Ohms 


Peak On-State Voltage Vim : ; Volts | Te = +25°C, Ipy = 1500 Amps Peak. 
Duty Cycle & .01%. 


Turn-On Delay Time usec Tc = +25°C, Ip = 50 Adc, VprM- Gate 
Supply: 20 Volt Open Circuit, 20 Ohm, 
0.1 usec max. Rise Time. 


Conventional Circuit To = +125°C 

Commutated Turn-Off Ipy = 250 Amps. 

Time (with Reverse Vr = 50 Volts Min. 

Voltage) Vpro (Reapplied) 
Rate-of-Rise of Reapplied Off-State 
Voltage = 200 V/usec (linear) 
Commutation di/dt = 12.5 Amps/usec. 
Duty Cycle < .01%. 
Gate Bias During Turn-Off Interval = 
0 Volts, 100 Ohms. 


Conventional Circuit To = +125°C 

Commutated Turn-Off Itm = 250 Amps. 

Time (with Feedback Ve = 1 Volt 

Diode) Vpro (Reapplied) 
Rate-of-Rise of Reapplied Off-State 
Voltage = 200 V/usec (linear) 
Commutation di/dt = 12.5 Amps/usec. 
Duty Cycle < .01%. 
Gate Bias During Turn-Off Interval = 
0 Volts, 100 Ohms. 


fConsult factory for maximum turn-off time. 
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SINE WAVE CURRENT RATING DATA 
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C184, C185 


PEAK ON-STATE CURRENT—-AMPERES 


PEAK ON-STATE CURRENT-AMPERES 


5 10 20 30 «640 60 80 100 


RATE OF RISE OF ON-STATE CURRENT 
AMPERES PER MICROSECOND 


4. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. di/dt (Te = 65°C) 


5 10 20 


30. «640 60 100 


RATE OF RISE OF ON-STATE CURRENT 
AMPERES PER MICROSECOND 


5. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. di/dt (Te = 90°C) 


PEAK ON-STATE CURRENT-AMPERES 


PEAK ON-STATE CURRENT-AMPERES 


TRAPEZOIDAL WAVE CURRENT RATING DATA 
DUTY CYCLE-—50% 


DUTY CYCLE-—25% 


eo 


PULSES pe 
600 = 


200 


got Edt — | 1 


5 10 20 30 40 60 80 i00 
RATE OF RISE OF ON-STATE CURRENT 
AMPERES PER MICROSECOND 
6. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. di/dt (Te = 65°C) 


200 


100 


5 10 20 


30 40 60 80 100 


RATE OF RISE OF ON-STATE CURRENT 
AMPERES PER MICROSECOND 


7. MAXIMUM ALLOWABLE PEAK ON-STATE 


CURRENT VS. di/dt (Te = 90°C) 


C184, C185 


WATT-SECOND PER PULSE 
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PULSE BASE WIDTH-MICROSECONDS 
10. ENERGY PER PULSE VS. PEAK CURRENT 
AND PULSE WIDTH (di/dt = 5 A/usec.) 
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INSTANTANEOUS ON-STATE CURRENT - AMPERES 


PEAK HALF SINE WAVE ON-STATE CURRENT - AMPERES 


C184,C185 


eee ert (| 


ia THI 
4 


3 4 5 6 .8 1.0 2 3.9456 8 
INSTANTANEOUS GATE CURRENT - AMPERES 


12. GATE TRIGGER CHARACTERISTICS AND 
11. MAXIMUM ON-STATE CHARACTERISTICS POWER RATINGS 


INSTANTANEOUS GATE VOLTAGE - VOLTS 


2 3 
INSTANTANEOUS ON-STATE VOLTAGE - VOLTS 


Pee 


NUMBER OF CYCLES AT 60Hz PULSE WIDTH - MILLISECONDS 


13. SURGE (NON-REPETITIVE) ON-STATE CURRENT 14. SUB-CYCLE SURGE (NON-REPETITIVE) 


ON-STATE CURRENT AND 1’t RATINGS 


a 
CTT TIE Par Th 
CCHIT 
CCI ot 
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100 { 
MILLISECONDS SECONDS 
TiME 


15. TRANSIENT THERMAL IMPEDANCE ~— 
JUNCTION-TO-CASE 
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TRANSIENT THERMAL IMPEDANCE - °C PER WATT 
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C185 RECOVERED CHARGE DATA 
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RECOVERED CHARGE-Qp (pec) (# COULOMBS) ————> 


456 7 10 20 30 408060 80 100 1 2 3 4 56 8 10 20 30 40 5060 80 100 
REVERSE di/dt (AMPERES/pt SEC) ——> REVERSE di/dt (AMPERES /pt SEC) —» 
16. TYPICAL RECOVERED CHARGE DATA AT 25°C 17. TYPICAL RECOVERED CHARGE DATA AT 125°C 
SINEWAVE CURRENT WAVEFORM SINEWAVE CURRENT WAVEFORM 


OUTLINE DRAWING 


“REO Ee 7 SEATING PLANE 


|e 
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tg emare ae - ie Sais 
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SEE NOTE a se 
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TERMINAL | TERMINAL| TERMINAL | TERMINAL 
MODEL (0) ® @ ® THREAD SIZE 
C180 C165 AUX. eaTHO0 
C186 GATE | CATHODE 3/4-16 UNF-2A 
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Silicon 
Controlled Rectifier 
0.8A RMS UP TO 400 VOLTS 


C203 


TYPICAL APPLICATIONS: 


e Sensors e Controls 

— Temperature — Small Motors 

— Pressure — Small Lamps 

— Dryness — Remote 
eo e Switching 

— Voltage 

— Solid-State Relay 

— Current 


— Relay Driver 


‘ a: Ly 
e Amplifiers (gate) — Counter ke se ee 
L ——* 2 E 
e Timers — Low Power Inverter SEATING PLAI SF aNObE 


e Logic Circuits e 120V AC Line Operation sympow | _(NCHES MILLIMETERS 


FEATURES: 
e 200 uA Gate Sensitivity 
e 8-Amp Surge 
e 30 through 200 Volt Selection 
e Plastic TO-92 Package NOTES: 
e Low Vp 2 CONTOUR On Tie PLEKAGE REVOND aH e:raNE. 
e High dv/dt UNCONTROLLED. 


3. (THREE LEADS) ¢b2 APPLIES BETWEEN Ly ANO Lo. 
$b APPLIES BETWEEN L2 AND .5SINCH (12.70 MM} 
FROM SEATING PLANE. DIAMETER IS UNCONTROLL 
IN Ly AND BEYOND .5 INCH (12.70 MM FROM SEATIN 
PLANE. 


MAXIMUM ALLOWABLE RATINGS 


REPETITIVE PEAK OFF-STATE REPETITIVE PEAK REVERSE 
VOLTAGE, Vprm'?) VOLTAGE, Vorm'?) 
To = 65°C to +125°C To = 65°C to +125°C 


C203 Y 30 Volts 30 Volts 


C203YY 60 Volts 60 Volts 
C203A 100 Volts 100 Volts 
C203B 200 Volts 200 Volts 
C203C 300 Volts 300 Volts 
C203D 400 Volts 400 Volts 


! Rex = 1000 ohms maximum. 
2 Values apply for zero or negative gate voltage only. 


RMS On-State Current, It(ams (all Conduction Angles)... 2.0.0... eee 0.8 Amperes 
Peak One Cycle Surge (non-rep) On-State Current, Ipgy 2... ee ee ene 8.0 Amperes 
Peak Gate Power Dissipation, Poy... .. 2. ee ee eee ee ene 1.0 Watts for 8.3 msec. 
Average Gate Power Dissipation, Pgcayy . 2.6 eens EEE 0.01 Watts 
Peak Positive Gate Current, Igy . 2... ee ee ee ent etn e eee 0.5 Amperes 
Peak Negative Gate Voltage, Vom ... 0-0. cc eee ee te ee te ene eee e eens .... 8 Volts 
Storage Temperature, Tgpg...... sis BE cent NS ca ten pA Sg. th To sech GAR ie eck Nedea bi ASS Se ek Weeden 65°C to +150°C 
Operating Junction Temperature, Ty............ aR ee hee ee -65°C to +125°C 


CHARACTERISTICS 


[rest swear [min [P| 


Peak Reverse and Off- 
State Current 
(All Types) 


TEST CONDITIONS 


uA | To = +25°C, Rex = 1000 ohms 
VRRM = VpRM = Rated Value. 


To = +125°C, Rex = 1000 ohms 
VRRM = VpRM = Rated Value. 


200 pAdc Tc = +25°C, Vp = 6Vdc, 
Ry, = 100 ohms. 


DC Gate Trigger 
Current 


— 
0 
Ww 
= 
w 
o a) 


Tc = -65°C, Vp = 6Vdc, 
R, = 100 ohms. 


To = +25°C, Vp = 6Vdc, 
se = 100 ohms. 


DC Gate Trigger 
Voltage 


Vor 


-65°C, Vp = 6Vdc, 
ce = 100 ohms. 


To = +125°C, Rated Vprm; 
R, = 1000 ohms. 


To = +25°C, Ipm = 1.0A peak, 
1 msec. wide pulse, Duty Cycle < 2% 


Anode source voltage = 12Vdc, 
Rgx = 1000 ohms. Tc = +25°C. 


Peak On-State Vim 
Voltage 
i a= 


Holding Current 


Critical Rate-of-Rise dv/dt Viusec | Tc = +125°C, Rated Vprm, 
of Off-State Voltage Rex = 1000 ohms. 
Volts, 100 Ohms (during turn-off 


Circuit Commutated To = +125°C, rectangular current 
time interval). 


Turn-Off Time waveform. Rate-of-rise of current 
Rgic 125 °C/W Junction-to-case (flat side of case is 
temperature reference point). 
Rgja 


o 

o 
3 
> 
Q. 
rey 


<5A/ysec. [py = 1A (SO usec. pulse). 
Rep. Rate = 60 pps. Varo = Rated, 
Vrx = 15V Min., VpRM = Rated. 
Rate-of-rise of reapplied off-state 
voltage = 20V/usec.; Gate Bias = 0 


Steady-State 
Thermal Resistance 


<10A/psec. Rate reversal of current 
| - | - | 230, Junction-to-ambient (free convection). 
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40 


TYPICAL CHARACTERISTICS 


JUNCTION TOMEERATURE 


04 


2 


°o 
rs 


INSTANTANEOUS ON-STATE CURRENT -AMPERES 


Ol 


' 2 
INSTANTANEOUS ON- STATE VOLTAGE ~VOLTS 


1. MAXIMUM ON-STATE CHARACTERISTICS 


GATE POWER DISSIPATION. 


3.CASE TEMPERATURE MEASURED AT CENTER OF 
FLAT SIDE OF DEVICE BODY. 


MAXIMUM ALLOWABLE CASE TEMPERATURE -°C 


2 


AVERAGE ON-STATE CURRENT ~AMPERES 


3. MAXIMUM ALLOWABLE CASE TEMPERATURE 
i FOR SINUSOIDAL CURRENT WAVEFORM 
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NOTES: |. JUNCTION TEMPERATURE = +125 °C 


‘Le erry 
oes Ce a 4 


2. FREQUENCY =50 TO 400 Hz. 


MAXIMUM AVERAGE ON- STATE POWER DISSIPATION-WATTS 


AVERAGE ON-STATE CURRENT— AMPERES 


2. MAXIMUM ON-STATE POWER DISSIPATION 
FOR SINUSOIDAL CURRENT WAVEFORM 


ek NOTES : 1.RESISTIVE OR INDUCTIVE LOAD,50 TO 400 Hz. (= 
NS 2. Care en DERIVED FOR 0.01 WATT AVERAGE 
\ £ POWER DISSIPATION. 
0 \ 3. int MOUNTED WITH LEAOS VERTICAL IN 


FREE CONVECTION AMBIENT AIR 


MAXIMUM ALLOWABLE AMBIENT TEMPERATURE -°C 


ANGLE = 30°) 


|_| CONDUCTION \|_\ 


° ol o2 03 04 
AVERAGE ON-STATE CURRENT ~ AMPERES 


4. MAXIMUM ALLOWABLE AMBIENT TEMPERATURE 
FOR SINUSOIDAL CURRENT WAVEFORM 


20 2.RATINGS DERIVED FOR 0.01 WATT AVERAGE 
| GATE POWER DISSIPATION. 
3. UNIT MOUNTED IN CENTER OF SQUARE OF 
lo HEATSINK USING WAKEFIELD DELTA BOND 152 
EPOXY ADHESIVE, FLAT SIDE OF UNIT AGAINST 
HEATSINK . 
100 4 HEATSINK TEMPERATURE IS MEASURED 1/8" 
FROM UNIT. 
2 90 5. SINUSOIDAL CURRENT WAVE FORM. 
¥ TTR 
] 
& 80 
5 CONDUCTION \| 
$ 70 ANGLE 
E | 
_ 60 
wn 
0b; 
i) 
x 
40 
30 


: Riise) 
aa [Sie 
£ | pee 
? 100 Fc ae A AD A A ANN 
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wy = ee 
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TYPICAL CHARACTERISTICS 


NOTES: [. RESISTIVE OR INDUCTIVE LOAD, 50 TO 400 Hz. | 


o2 0.3 04 [.] 0. 


AVERAGE ON-STATE CURRENT —- AMPERES 


5. TYPICAL CURRENT CARRYING CAPABILITY 
FOR DEVICE MOUNTED ON 1” x 1” x 1/16” 
ALUMINUM HEATSINK 


02 0.4 1 2 4 10 
TIME IN SECONDS 


20 


7. MAXIMUM TRANSIENT THERMAL IMPEDANCE 


40 


*Chart 5. For reference only, units are not available in this configuration. 
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T YT TTT =p oe an TT 
NCTION TEMPERATURE IMMEDIATELY 
1OR TO SURGE =-65°C TO +125°C 


© 
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a gee es 
i 2 4 6 lo 20 


CYCLES AT 6OHz 


6. MAXIMUM ALLOWABLE SURGE (NON-REP) 
ON-STATE CURRENT 


PEAK HALF SINE-WAVE ON-STATE CURRENT-AMPERES 


Di SE A A A OO 
so ee ee 
NOTES: |. TEMPERATURES INDICATED ON CURVES —1111 
ARE JUNCTION TEMPERATURES. 
2. ANODE SUPPLY VOLTAGE: #12 VOLTS DC. 
3. CAUTION : OFF-STATE VOLTAGE RATING 
(Vppm) DOES NOT APPLY FOR GATE TO 
CATHODE RESISTANCE GREATER THAN 
1000 OHMS. 


HOLOING CURRENT — MILLIAMPERES 


0.2 


200 


400 600 800 IK 
GATE TO CATHODE RESISTANCE - OHMS 


MAXIMUM AND MINIMUM HOLDING CURRENT 
VARIATION WITH GATE TO 
CATHODE RESISTANCE 


Silicon C220 


Controlled Rectifier C222 
10 A RMS 


25-600 Volts 


The Silicon Controlled Rectifier C220/C222 is a reverse blocking triode thyristor. This 
SCR is a hermetically sealed device which incorporates General Electric’s patented POWER- 
GLAS™ process that improves upon normal pellet passivation techniques. It provides an 
intimate bond between the silicon chip and the glass coating. The resulting stable, low-level 
leakage current provides excellent performance and demonstrated reliability. 


FEATURES: 


SIX BASIC PACKAGES 
e Other packages available upon request. 


PRESS-FIT 


ISOLATED STUD 
With Press-On 
Anode Terminal 


ISOLATED STUD 
With Solder Ring 
Anode Terminal 
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POWER-GLAS™ passivated silicon chip for maximum reliability. 

Very low off-state (leakage) current at room and elevated temperatures. 
Excellent surge current capability. 
1800 Volts RMS surge isolation voltage on isolated SCR’s. 
Attractive pricing for applications requiring medium power devices. 


ISOLATED 
TO-3 FLANGE 


NON-ISOLATED 
TO-3 FLANGE 


C220/C222 
MAXIMUM ALLOWABLE RATINGS 


= RATINGS 


TEST CONDITIONS 


Vorm — Repetitive Peak Off-State Voltage (1,3) 
Vero — Repetitive Peak Reverse Voltage 
Tc =-40°C to 100°C 


Hes — Non- Repetitive Reverse Voltage (1,2) 


= -40°C to 100°C 
RMS ‘On-State: Current, Iymmsy-as 2 oe Pes Rieeay ved wate eas ae eed aes 10 Amperes (All Conduction Angles) 
Average On-State Current, Ip(av) 6. eee Depends on Conduction Angle (See Charts 1 and 2) 
Critical Rate-of-Rise of On-State Current, di/dt M2... 0... ee ee eee (See Chart 9) 
Gate triggered operation — Switching from 200 Volts................ 020-0000 100 Amperes Per Microsecond 
— Switching from 500 Volts..........-......002020005 50 Amperes Per Microsecond 
Peak One Cycle Surge (Non-Repetitive) On-State Current, Ipgy S5OHz........... 0... eee ee ee 82 Amperes 
Peak One Cycle Surge (Non-Repetitive) On-State Current, Ipsy, 60 Hz.... 2.2.0.2. ee eee 90 Amperes 
It (for fusing) for times at 8.3 milliseconds (See Chart 11)...... 0.00000 cece cee eee eee 34 Ampere? Seconds 
I*t (for fusing) for times at 1.5 milliseconds (See Chart 11)......... 0.0000 c cece ence eee 27 Ampere? Seconds 
Peak Gate Power Dissipation, Pgy..... 0... ee te eee ee ee 5 Watts for 10 Microseconds 
Average Gate Power Dissipation, Pa(av)---- eee eee teens 0.5 Watts 
Peak Positive Gate Current, Igy... 2... ee ee eee eee tee eee eee teens (See Chart 6) 
Peak Positive Gate Voltage, Vom... - ccc eee eee te eee eee eee (See Chart 6) 
Peak Negative Gate Voltage, VamM- .- 6. - 6 ee ee ec ce ee ee ee eee ee eee ee eee een eens 5 Volts 
Storage Temperate. Tier. esse eas aa hehe ta uke ee cid saw ed aoa’ wee kad she ee -40°C to 125°C 
Operating Temperature, Ty 20... ce ee te ee ee ee ete eee e nee eens -40°C to +100°C 
Stud Torque (Isolated and Non-Isolated Stud Types) ............-..2202-2008- 25 Lb.-In. (29 Kg.-Cm.) (2.8N-M) 
Insertion Pressure (Press-Fit Type)... 0.0000. ee eee ee te eee eens 800 Lbs. (364 Kg.) (3.56N x 10°) 
Isolation Breakdown Voltage Between any Terminal and Stud or Flange (Isolated Types)) ...........1800 Volts RMS 
NOTES: 


1. Values apply for zero or negative gate voltage only. 

2. Half sine wave voltage pulse, 10 milliseconds maximum duration. 

3. During performance of the Off-State and Reverse Blocking tests, the SCR should not be tested with a constant current source which 
would permit applied voltage to exceed the device rating. 

4, di/dt rating is established in accordance with EIA-NEMA Standard RS-397, Section 5.2.2.6. 

5. Rating applies for 50, 60 and 400 Hz sinusoidal wave form. 


PART NUMBER DESIGNATION 


C 220 U 2 
SILICON CONTROLLED RECTIFIER j ] | STUD/TO-3 FLANGE PACKAGE VARIATIONS 
CURRENT RATING & PACKAGE STYLE | VOLTAGE RATINGS None = Non-Isolated Stud Mount 
220 = 10 A RMS Stud/TO-3 Flange U = 25 Volts 2 = Isolated Stud Mount tt 
222 = 10 A RMS Press-Fit F = 50 Volts ites om pode Aenuins 
A = 100 Volts 3 = Isolated Stud Mount with 
B = 200 Volts 7 Solder Ring Anode Terminal 
C = 300 Volts 4= eae ae Outline 
D = 400 Volts CHEE sUnnee: 
E = 500 Volts 5= Non-Isolated on TO-3 Outline 
M = 600 Volts Mounting Flange 


6 — 9 = Other Standard Variations 
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C220/C222 
CHARACTERISTICS 


TEST CONDITIONS 


IRRM el eee mA VprM = Vrro = max. allowable volts peak 
Fake 0.1 To = + 25°C 
DRM 5 
To = +100 C 
1.95} Volts | To =+25°C, [py = 20A Peak, 1 milli- 
second wide pulse, duty cycle < 2%. 


Volts/usec] To =+100°C, Rated Vprm. Gate open 
circuited, linear wave form. 


Tce =+25°C, Vp = 6 Vdc, Ry = 91 Ohms 
Tc = -40°C, Vp = 6 Vdc, Ry = 45 Ohms 
Tc = +25°C, Vp = 6 Vdc, Ry =91 Ohms 
Tc = -40°C, Vp = 6 Vdc, Ry, = 45 Ohms 


DC Gate Non-Trigger 0.2 Tc = +100°C, Rated VprM> Ry = 1000 Ohms 
eee 


Anode Source Voltage = 24 Vdc, Peak Initi- 
ating On-State Current = 0.5A, 0.1 msecto 
10 msec Wide Pulse. Gate Trigger Source = 

7 Volts, 20 Ohms. 


Tce = 425°C 


Repetitive Peak Reverse 
and Off-State Current?! 


Peak On-State 
Voltage 


Critical Rate-of-Rise of 
Off-State Voltage 
(Higher values may 
cause device euenne) 


DC Latching Current Anode Source Voltage = 24 Vdc. 


Gate trigger source = 15 Volts, 100 Ohms, 
50 usec pulse width, 5 usec rise and fall 
times maximum. 


ae ee 

=| 

1S A baal lara 
ree ce °C/Watt |Junctionto-Case sd Case 

| - | 200 | ee Stud/Press Fit 
| - | 2. Isolated Stud 
eae 


2.15 
2.15 Non-Isolated TO-3 Flange 
2.30 

NOTES: 


Isolated TO-3 Flange 
1. Values apply for zero or negative gate voltage only. 


2, The junction-to-ambient value is under worst case conditions; ie., with No. 22 copper wire used for electrical contact to the terminals 
and natural convection cooling, 


Steady-State Thermal 
Resistance 


Steady-State Thermal 
Resistance 


WARNING 


Isolated products described in this specification sheet should be handled with care, The ceramic portion of these thyristors 
contains BERYLLIUM OXIDE as a major ingredient. 


Do not crush, grind, or abrade these portions of the thyristors because the dust resulting from such action may be hazardous 
if inhaled, 
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MAXIMUM ALLOWABLE CASE TEMPERATURE (°C) 


too 


95 


85 


a0 


75 


790 


65 


60 


INSTANTANEOUS ON-STATE CURRENT (AMPERES 


4 


AVERAGE ON-—STATE POWER DISSIPATION (WATTS) 


NOTES: 
|. RESISTIVE OR INDUCTIVE LOAD, 50 TO 


900 Hz. 
: [ 2. RATINGS DERIVED FOR 0.5 WATTS 
AVERAGE GATE POWER DISSIPATION. 
3. CURVES APPLY FOR RATE OF RISE OF 
ON~ STATE CURRENT (di/dt) =10 
AMPERES PER MICROSECOND 
MAXIMUM 


CONDUCTION 
ANGLE 


CONDUCT! 
ANGLE=30° 


¢ . AVERAGE ON-STATE CURRENT (AMPERES) : : 
1. MAXIMUM ALLOWABLE CASE TEMPERATURE 
FOR HALF-WAVE RECTIFIED 
SINE WAVE OF CURRENT 
(FOR NON-ISOLATED STUD AND 
PRESS-FIT CASE TYPES ONLY) 


40 


NOTES: 
|. Iqy "| MSEC WIDE PULSE, 
DUTY CYCLE £2% 


Tee 25re 


Tr s100°C 


mt 


ce] i) 2 3 4 8 
INSTANTANEOUS ON-STATE VOLTAGE (VOLTS) 
3. MAXIMUM ON-STATE VOLTAGE VS. 

ON-STATE CURRENT 

16 T + 

4, + _-J 360°. + 

hs o 180° = eal 

10 + oat 4. 4 —4 

8 ___| 
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NOTES: 

|. RESISTIVE OR INOUCTIVE LOAD, 50 TO 400 Hz. 

2.RATINGS DERIVEO FOR 0.5 WATTS AVERAGE 
GATE POWER DISSIPATION. 

3.CURVES APPLY FOR RATE OF RISE OF ON-STATE 
CURRENT (di/dt) #10 AMPERES PER MICRO- 
SECOND MAXIMUM. 

4. SHQPEo AREA REPRESENTS CONDUCTION 
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7 AVERAGE ON- STATE CURRENT (AMPERES? 
5. MAXIMUM ALLOWABLE ON-STATE POWER 
DISSIPATION FOR FULL-WAVE 

SINE WAVE OF CURRENT 
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MAXIMUM ALLOWABLE CASE TEMPERATURE (°C} 
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NOTES: |. RESISTIVE OR INDUCTIVE LOAD,$0 TO 400Hz. 


88 2. RATINGS DERIVED FOR 0.5 WATTS AVERAGE GATE 
POWER OISSIPATION. 
3.CURVES APPLY FOR RATE OF RISE OF ON-STATE 
CURRENT (di/dt}= 10 AMPERES PER MiCROSECONI 
85 MAXIMUM 
4.SHADED AREA REPRESENTS CONDUCTION ANGLE. 
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AVERAGE ON-STATE CURRENT (AMPERES) 


2. MAXIMUM ALLOWABLE CASE TEMPERATURE 
FOR FULL-WAVE RECTIFIED 


SINE WAVE OF CURRENT 
(FOR NON-ISOLATED STUD AND 
PRESS-FIT CASE TYPES ONLY) 


NOTES: 
|, RESISTIVE OR INDUCTIVE LOAD, 50 TO 


400Hz. 
2. RATINGS DERIVED FOR 0.5 WATTS 
AVERAGE GATE POWER DISSIPATION. 
3. CURVES APPLY FOR RATE OF RISE OF 
ON-STATE CURRENT (di/dt)= 10 
AMPERES PER MICROSECOND MAXIMUM. 
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AVERAGE ON-STATE POWER OISS!PATION (WATTS) 
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AVERAGE ON-STATE CURRENT (AMPERES) 


4. MAXIMUM ON-STATE POWER DISSIPATION 
FOR HALF-WAVE RECTIFIED SINE WAVE 
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MAXIMUM ALLOWABLE 


’ INSTANTANEOUS GATE NOTE: 4 
CUA SS wereON SHADED AREA REPRESENTS LOCUS OF 
MAXIMUM FOR ALL POSSIBLE DC (=20 MICROSECONDS) 
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GUARANTEED TRIGGERING POINTS FROM 
WICROSECONDS PULSE BU ARANT ERD TRlace 
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RECOMMENDED GATE CIRCUIT 
LOAD LINE FOR PULSE TRIGGERING 
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6. GATE TRIGGER CHARACTERISTICS 


GATE TRIGGER CURRENT (MILLIAMPERES) 


MAXIMUM ALLOWABLE PEAK 
ON-STATE CURRENT (AMPERES) 
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NOTES! 
|. ANODE VOLTAGE #6 voc. 
2. LOAD RESISTOR = 91 OHMS AT 25°C, 
45 OHMS AT -40°C. 
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7. MAXIMUM DC GATE CURRENT TO TRIGGER 
VS. CASE TEMPERATURE 


40 


ES: 
|, FREQUENCY « 400Hz MAXIMUM, 
2. CASE TEMPERATURE = ~40°C TO +100°C, 


MICROSECOND PULSE WIOTH MINIMUM,0.2 MICROSECOND: 


RISE TIME MAXIMUM. 


4, INSTANTANEOUS VALUE OF ON-STATE CURRENT MUST 
even, EXCEED TURN~ON CURRENT LIMIT LINES 
Hi i 


5. di/dt RATING IS ESTABLISHED IN ACCORDANCE WITH 
YEDEC SUGGESTED STANDARD NO. 7, SECTION 5.1.2.4. 


OFF ~STATE (BLOCKING) VOLTAGE CAPABILITY MAY Be} 


TEMPORARILY LOST AFTER EACH CURRENT PULSE 
FOR OURATIONS LESS THAN THE PERIOD OF THE 


APPLIED PULSE REPETITION RATE. THE PULSE || 


REPETITION RATE FOR THIS TEST IS 400Hz. THE 


ar eon OF THE JEDEC di/dt TEST CONDITION IS q 


3, REQUIRED GATE DRIVE: IO VOLTS, 20 OHM SOURCE, 3 
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WAVE CURRENT WAVEFORM. 70 
THIS OVERLOAD MAY BE APPLIED 60 
LTA OR CURREN 
{TS STEADY-STATE RATING LIMITS. 50F i 
. THE OVERLOAD MAY NOT BE REPEATED 
UNTIL DEVICE JUNCTION TEMPERATURE 40) 
HAS COOLED DOWN TO WITHIN g 
STEADY STATE RATED VALUE. 
. NO BLOCKING VOLTAGE RATING iS 3 30 
IMPLIED DURING OR IMMEDIATELY 4 
FOLLOWING THE OVERLOAD CURRENT = hay 
INTERVAL. Ho 
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PULSE WIOTH { m~SEC} 


SUB-CYCLE SURGE AND I?t RATING 


FOLLOWING RATED LOAD CONDITIONS 
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D.C. GATE TRIGGER CURRENT (MILLIAMPERES ) 


PEAK HALF SINE WAVE ON-STATE CURRENT(AMPERES) 


TRANSIENT THERMAL IMPEDANCE (°C/WATT) 


280 -- 1 + 
240 + 
NOTES: 
|. RECTANGULAR GATE CURRENT PULSE APPLIED 
2. RISE AND FALL TIMES EQUAL TO OR LESS 
THAN 10% OF GATE PULSE WIDTH 
200 }-——_+- + 3. ANODE VOLTAGE *6v0C 
4. LOAD RESISTOR ©91 OHMS AT 25°C, 45 OHMS 
AT -40°C. 
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8. MAXIMUM DC GATE CURRENT TO TRIGGER 


GATE PULSE WIDTH (MICROSECONDS) 


VS. GATE PULSE WIDTH 
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NOTES: 
1 JUNCTION PA RECAST IMMEDIATELY 
2. Gare MAY BE LOST DURING AND 
TMMEDIATELY FOLLOWING THE SURGE 
50 CURRENT INTERVAL. 
3. CURRENT OVERLOAD MAY NOT BE REPEATED 
UNTIL JUNCTION TEMPER ATU 
RETURNED TO WITHIN, STEADYS STATE 
RATED VALUE. 
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10. MAXIMUM ALLOWABLE SURGE CURRENT 
FOLLOWING RATED LOAD CONDITIONS 
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| CURVE DEFINES TEMPERATURE RISE OF JUNCTION ABOVE CASE FOR 
SINGLE LOAD PULSE OF DURATION (1), PEAK ALLOWABLE POWER 
DISSIPATION IN THYRISTOR FOR TIME (t), STARTING FROM CASE 
TEMPERATURE EQUALS 100°C (MAX T) MINUS CASE TEMPERATURE 


DIVIDED BY THE TRANSIENT THERMAL mMPEDANCE: 


tore - Te 
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2 FOR OPTIMUM RATINGS AND FURTHER INFORMATION, SEE PUBLICATION 
200.9 ENTITLED, POWER SEMICONDUCTOR RATINGS UNDER TRANSIENT 


i INTERMITTENT LOADS.” 
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12. MAXIMUM TRANSIENT THERMAL IMPEDANCE, 


JUNCTION-TO-CASE 


(FOR NON-ISOLATED STUD AND 
PRESS-FIT CASE TYPES ONLY) 
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VIEW SHOWING 
TERMINAL 2 
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w 
WITH PRESS-ON 


ia TERMINAL 2 


—— WITH SOLDER 
RING 
TERMINAL 2 


1. CATHODE 


ISOLATED STUD TERMINAL 
ARRANGEMENT 


VIEW SHOWING 
TERMINAL 2 
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NON-ISOLATED TO-3 FLANGE TOP VIEW 


TYPE 5 


i et 
ISOLATED TO-3 FLANGE 
TYPE 4 


NOTES: 
| _ INCHES | incHes | 
srmect Twin, | MAX | | _ MIN. : 1. Case temperature is measured for press-fit devices at the cen- 
ter of the base; for stud types 1, 2 and 3 at the center of any 
8 
€ 


hex flat; for TO-3 outline mounting flange types 4 and 5 at 
the center of the bottom of the flange. 

2. One external tooth lock washer and one nut (both steel, 
cadmium plated) are supplied with each stud and isolated 
stud unit. 

3. Insulation hardware for stud devices consisting of solder 
terminal, mica washers and one nylon bushing are available 
at extra cost upon request. 

4. Other standard package variations are available upon request. 

5. Metric stud 8mm x 1.25 (.315 in. x .049 in.) is available 
upon request. 
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MOUNTING CONSIDERATIONS 


Instatlation of Press-Fit SCR in Heat Sink 


When press fitting SCR into a heatsink, the following specifications 

and recommendations apply: 

1, Heatsink materials may be copper, aluminum or steel. For maxi- 
mum heat transfer and minimum corrosion problems, copper 
is recommended. The heatsink thickness, or amount of heatsink 
wall, in contact with the SCR should be 1/8 inch. 

2. The hole diameter into which the SCR is pressed must be 
0.4975 ~ .001 inch, A slight chamfer on the hole should be 
used. This hole may be punched in a flat plate and reamed, or 
extruded and sized in sheet metal. 

3. The entire knurled section of the SCR should be in contact 
with the heatsink to insure maximum heat transfer. The SCR 
must not be inserted into a heatsink deeper than the knuri height. 

4. The SCR insertion force must not exceed 800 pounds. If the 
insertion force approaches this value before complete insertion, 
either the SCR is misaligned with the hole or the SCR-to-hole 
interference is excessive. The insertion force must be uni- 
formly applied to the top face (terminal end) of the SCR within 
an annular ring which has an inside diameter of not less than 
0.370 inch and not larger than 0,390 inch; the outside diameter 
of the insertion force must not be less than 0,500 inch. 

5. The thermal resistance between the SCR case and a copper heat- 
ak ae not exceed 0.5°C/W, if the SCR is inserted in the manner 

escribed, 


Soldering of Press-Fit Package to Heat Sink 


The press-fit package may be soldered directly to a heat sink using 
60/40 (Pb-Sn) solder at a temperature of about 200°C. 


Attachment of Press Fit Device to Printed Circuit Board 

For certain light. load applications, the SCR can be inverted and, 
using a special brass bracket (A7149451), dip-soldered into a 
printed circuit board. The feet on the bracket act both as a mechan- 
ical support and anode electrical connection. For SCRs pre- 
assembled into the bracket, add -X123 to the type number, for 
example C222BX123. 


i. 
Po 
LiLtLk's } [oJ] 
pip sovoer —/ ALL 3 CONNECTIONS 
CONNECTIONS 
BOTTOM VIEW 
OF ASSEMBLY 
BEFORE 
MOUNTING 
TO BOA! 


Attachment of the Stud & isolated Stud Device to a Heat Sink 


These devices require certain precautions in order to insure good 
thermal transfer. The chassis hole must be drilled and deburred, 
and should be between .005 and .015 inches larger than the stud 
outside diameter. The use of a Torque wrench is highly reeommended 
and must be used within the torque limits indicated on page 2. A 
good grade of silicone grease will minimize contact thermal 
resistance, 


Silicon C228 
Controlled Rectifier C229 


35 A RMS 50 TO 600 VOLTS 


The Silicon Controlled Rectifier C228/C229 is a reverse blocking triode thyristor. This 
SCR is a hermetically sealed device which incorporates General Electric’s patented POWER- 
GLAS™ process that improves upon normal pellet passivation techniques. It provides an 
intimate bond between the silicon chip and the glass coating. The resulting stable, low-level 
leakage current provides excellent performance and demonstrated reliability. 


FEATURES: 


POWER-GLAS™ passivated silicon chip for maximum reliability. 

Very low off-state (leakage) current at room and elevated temperatures. 
Low power required for gate triggering. 

Power switching capabilities up to 10 KW. 

Excellent surge current capability. 

1800 Volts RMS surge isolated voltage on isolated SCR’s. 

Attractive pricing for applications requiring medium power devices. 


SIX BASIC PACKAGES 
e Other packages available upon request. 


PRESS-FIT ISOLATED STUD ISOLATED 
é With Press-On TO-3 FLANGE 
Anode Terminal! 


ISOLATED STUD NON-ISOLATED 
With Solder Ring bs (D TO-3 FLANGE 
Anode Terminal " 


C228/C229 


MAXIMUM ALLOWABLE RATINGS 
TEST CONDITIONS 


Vprm — Repetitive Peak Off-State Voltage (1,3) 
Vero — Repetitive Peak Reverse Voltage 
Tc = -40°C to 100°C 


Vrasm — Non-Repetitive Reverse Voltage (1, 2) 
Tc = -40°C to 100°C 


RMS. On-State Current; Tp quis) 6 26 ne awe a hee Se ee 35 Amperes (All Conduction Angles) 
Average On-State Current, Ip(ayy) -- eee eee Depends on Conduction Angle (See Charts 1 and 2) 
Critical Rate-of-Rise of On-State Current, di/dt Mo... ee ee eee ee eens (See Chart 10) 
Gate Triggered Operation — Switching from 200 Volts......... 0.00. e eee eee 100 Amperes Per Microsecond 

— Switching from 400 Volts... ...... 2.0.0.0. ee eee 65 Amperes Per Microsecond 

— Switching from 500 Volts... 0.0.0.0... 0c eee eee ee ees 30 Amperes Per Microsecond 
Peak One Cycle Surge (Non-Repetitive) On-State Current, Ipgy 60Hz..... 0.000. eee eee 300 Amperes 
I?t (for fusing) at 8.3 milliseconds (See Chart 7) 2... 0.0... ce cece cee eee eee eens 3.70 Ampere” Seconds 
I*t (for fusing) at 1.0 milliseconds (See Chart 7) ....... 0.000 c cece eee cece ee ences 2.60 Ampere? Seconds 
Peak Gate Power Dissipation, Pay... . 2... ee eee ee eens 5 Watts for 10 Microseconds 
Average Gate Power Dissipation, Pa(ay)..- 6 ec eee eee eee ete eee 0.5 Watts 
Peak Positive Gate Current, Igy... 0.6 ee eee eet teen e ene te enna (See Chart 9) 
Peak Positive Gate Voltage, Vom... -- 0 ccc eee eee ee eee eee eee ee ete eee n eens (See Chart 9) 
Peak Negative Gate Voltage, Vom... --.- ccc eee eee eee ee ee eect eee eeae 5 Volts 
Storage: Teiriperatutey Tagg. anil ave-ssetedes a tees ee aed BS nade Wika aac a Deca mares tee Ata -40°C to +150°C 
Operating Temperature, Ty... 2... cece ete e eee eee eee bene snes -40°C to +125°C 
Stud Torque (Isolated and Non-Isolated Stud Types)... ......0.0..0 00002 cc ee ees 25 Lb.-In. (29 Kg-Cm) (2.8 N-M) 
Maximum Insertion Pressure (Press-Fit Types)... 0.0.0.0. cece eee eee eee 800 Lbs. (364 Kg) (3.56N x 10°) 
Isolation Breakdown Voltage Between any Terminal, Stud or Flange (Isolated Types)().............. 1800 Volts RMS 
NOTES: 


1. Values apply for zero or negative gate voltage only. 

2. Haif sine wave voltage pulse, 10 millisecond maximum duration. 

3. During performance of the Off-State and Reverse Blocking tests, the SCR should not be tested with a constant current source which 
would permit applied voltage to exceed the device rating. 

4. di/dt rating is established in accordance with EIA-NEMA Standard RS-397, Section 5.2.2.6. 

5. Rating applies for 50, 60 and 400 Hz sinusoidal waveform. 


PART NUMBER DESIGNATION 


C 228 U 2 
SILICON CONTROLLED RECTIFIER J ] | STUD/TO-3 FLANGE PACKAGE VARIATIONS 
CURRENT RATING & PACKAGE STYLE | VOLTAGE RATINGS None = Non-Isolated Stud Mount 
2 = Isolated Stud Mount with 
228 = 35 A RMS Stud/TO-3 Flange U = 25 Volts Press-on Anode Terminal 
229 = 35 A RMS Press-Fit F = 50 Volts 3 = Isolated Stud Mount with 
Neate Solder Ring Anode Terminal 
Baa) vol 4 = Isolated on TO-3 Outline 
C = 300 Volts Mounting Flange 
Dees 5 = Non-Isolated on TO-3 Outline 
E = 500 Volts Mounting Flange 
M = 600 Volts 6 — 9 = Other Standard Variations 
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C228/C229 


CHARACTERISTICS 


UNITS 


Volts | To =+25°C, Ipy = 100 Amps. peak, | milli- 
second wide pulse. Duty Cycle < 2%. 


| max. | 

ce 

=< 
ieee Vde | To = +125°C, Rated Vprm, Ri = 
aoe 
150 | 
| 150_| 


Repetitive Peak Off- 
State and Reverse 
Current (1) 


> 


IgRM m 


and 
IpDRM 


| Mun. | 
faecal 
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etre 
ad Sed 
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eget 
za 
eee 
poet 


3 


DC Gate Trigger Iot 
Current 
GT 
DC Gate Non-Trigger Vep 0.2 
Voltage 


1000 Ohms 


Anode Source Voltage = 24 Vdc, Peak Init- 
iating On-State Current = 0.5 Amps, 0.1 msec 
to 10 msec wide pulse. Gate Trigger Source = 
7 Volts, 20 Ohms 


Anode Source Voltage = 24 Vdc. 
Gate trigger source = 15 Volts, 100 Ohms, 
50 usec pulse width, 5 usec rise and fall 
times max. 


DC Latching Current 


300 Tc = -40°C 


ran 
Non-Isolated Stud/Press-Fit 


Steady-State Thermal 
Resistance 


1.85 Isolated Stud 
1.85 Non-Isolated TO-3 Flange 
Isolated TO-3 Flange 


NOTES: 
1. Values apply for zero or negative gate voltage only. 
2. The junction-to-ambient value is under worst case conditions; i.e. with No. 22 copper wire used for electrical contact to the terminals 
and natural convection cooling, 


WARNING 
Isolated products described in this specification sheet should be handled with care. The ceramic portion of these thyristors 


contains BERYLLIUM OXIDE as a major ingredient. 


Do not crush, grind, or abrade these portions of the thyristors because the dust resulting from such action may be hazardous 
if inhaled. 
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AVERAGE ON-STATE 
POWER DISSIPATION (WATTS) 


NOTES 
) RESISTIVE OR INDUCTIVE LOAD, 50 TO 


400 Hz 
2 RATINGS DERIVED FOR O5 WATTS 


95 


MAXIMUM ALLOWABLE CASE TEMPERATURE (°C} 


88 8 aa 


AVERAGE ON-STATE CURRENT (AMPERES) 


1. MAXIMUM ALLOWABLE CASE TEMPERATURE 
FOR HALF-WAVE RECTIFIED 


SINE WAVE OF CURRENT 
(FOR NON-ISOLATED STUD AND 
PRESS-FIT CASE TYPES ONLY} 


NOTES 
1 Tym" MSEC WIDE PULSE, 
DUTY CYCLE 22% 


INSTANTANEOUS ON-STATE CURRENT (AMPERES) 


INSTANTANEOUS ON-STATE VOLTAGE (VOLTS) 
3. MAXIMUM ON-STATE VOLTAGES VS. 
ON-STATE CURRENT 


OTE: 

| RESISTIVE OR INOUCTIVE LOAD, 50 TO 400 Hz 

2 RATINGS, DERIVED FOR i £ WATTS AVERAGE 

ATE POWER DISSIPA 

3 CURVES. APPLY FOR RATE OF RISE OF ON-STATE 
UREN ae (ae #10 AMPERES PER MICRO- 
SECONT 

4 SuapeD AREA "REPRESENTS CONDUCTION 


ie] 5 10 (5 20 25 30 35 


AVERAGE ON-STATE CURRENT (AMPERES) 


5. MAXIMUM ALLOWABLE ON-STATE POWER 
DISSIPATION FOR FULL-WAVE 
SINE WAVE OF CURRENT 
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AVERAGE ON-STATE 
WER DISSIPATION (WATT 
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rv 


C228/C229 


| 
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o° 180° 360° 


NOTES - RESISTIVE OR INDUCTIVE LOAD,50 TO 400Hz 
RATINGS DERIVED FOR 0.5 WATTS AVERAGE GATE 
POWER DISSIPATION 


3.CURVES APPLY FOR RATE OF RISE OF ON-STATE 
CURRENT (di/dt)= tO AMPERES PER MICROSECOND 


N 
o 


$8 8 8 3 


ob 


5 lo 15 20 25 kt) 6 
AVERAGE ON-STATE CURRENT (AMPERES) 


2. MAXIMUM ALLOWABLE CASE TEMPERATURE 
FOR FULL-WAVE RECTIFIED 


SINE WAVE OF CURRENT 
{FOR NON-ISOLATED STUD AND 
PRESS-FIT CASE TYPES ONLY) 


CONDUCTION 
ANGLE 


CONDUCTION ANGLE=60° y 


NOTES 
! RESISTIVE OR INDUCTIVE LOAD, 50 TO 


OOH. 
2, RATINGS DERIVED FOR 0.5 WATTS 
AVERAGE GATE POWER OSE Lon 
3 curves eer Fol OF 


10 1S 20 25 30 35 
AVERAGE ON-STATE CURRENT (AMPERES) 


4. MAXIMUM ON-STATE POWER DISSIPATION 
FOR HALF-WAVE RECTIFIED SINE WAVE 


NOTES: 


1 FREQUENCY = 4002 MAXIMUM. 


OF RECTIFIED CURRENT 


5 di/dt RATING 'S ESTABLISHED IN BE CORDANE WITH 
JEDEC SUGGESTED STANOARO NO. 7, SECTION 5.1.2.4 


2 CASE TEMPERATURE = - 40°C TO +100%C OFF -BTATE (BLOCKING) VOLTAGE CAPABILITY MAY BE 
3 REQUIRED GATE DRIVE : IO VOLTS, 20 OHM SOURCE, 10 TEMPORARILY LOST AFTER EACH CURRENT PULSE 
MICROSECOND PULSE WIDTH MINIMUM,O.2 MICROSECOND FOR OURATIONS LESS THAN THE PERIOD OF THE 


RISE TIME MAXIMUM 


APPLIED PULSE REPETITION RATE. THE PULSE 


4, INSTANTANEOUS VALUE OF ON-STATE CURRENT MUST REPETITION RATE FOR THIS TEST IS 400Hz. THE 


NEVER EXCEED TURN-ON CURRENT LIMIT LINES. Peaebgy OF THE JEDEC di/dt TEST CONDITION IS 
SHOWN. SEC MIN. 
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TIME FROM START OF CURRENT FLOW (MICROSECONDS) 
6. TURN-ON CURRENT LIMIT 


C228/C229 


NOTES 
|. CURVE DEFINES TEMPERATURE RISE OF JUNCTION ABOVE CASE FOR 
SINGLE LOAO PULSE OF DURATION (t). PEAK ALLOWABLE POWER 
DISSIPATION IN THYRISTOR FOR TIME (t),STARTING FROM CASE 
TEMPERATURE EQUALS 100°C (MAX T} MINUS CASE TEMPERATURE 
OIVIDEO 8Y THE TRANSIENT THERMAL IMPEDANCE: 


~ CYCLE 


eo . Tt 
& Pogax = wore =e 
oF. i‘ Zeucwn 
NOTES: Caan] 2. FOR OPTIMUM RATINGS ANO FURTHER INFORMATION, SEE reece 
i. CURVES APPLY FOR HALF SINE Wak 200.9 ENTITLED," POWER SEMICONDUCTOR RATINGS UNDER TRANSIENT 
WAVE CURRENT WAVEFORM. oe AND INTERMITTENT LOADS. 
2. THIS OVERLOAD MAY BE APPLIED Les 
FOLLOWING DEVICE OPERATION AT 1(&o 
ANY VOLTAGE OR CURRENT WITHIN 22 
ITS STEADY-STATE RATING LIMITS ° 
3. THE OVERLOAD MAY NOT BE REPEATED = 
UNTIL DEVICE JUNCTION TEMPERATURE wi 
HAS COOLEO DOWN TO WITHIN a 


STEADY STATE RATED VALUE. 
. 4 NO BLOCKING VOLTAGE RATING IS 
IMPLIED DURING OR IMMEDIATELY 


FOLLOWING THE OVERLOAD CURRENT 
INTERVAL. 

5. JUNCTION TEMPERATURE IMMEDIATELY 
PRIOR TO OVERLOAD « -40*C TO +100°C. 


TRANSIENT THERMAL IMPEDANCE (°C/WATT 


TIME (SECONDS) 
8. MAXIMUM TRANSIENT THERMAL IMPEDANCE — 


\ 2 3 456 610 JUNCTION-TO-CASE 
PULSE WIDTH (4SEC) (FOR NON-ISOLATED STUD AND 
7. SUB-CYCLE SURGE AND I?t RATING FOLLOWING PRESS-FIT CASE TYPES ONLY) 


RATED LOAD CONDITIONS 


| a 
| 
abs | 
o 
MAXIMUM 
32 NStANTAMEGus ate _j note: Los. 4 
3 EGUALs SRATTS’ SHADED AREA REPRESENTS LOCUS OF 
A : an MAXIMUM FOR 10 ALL POSSIBLE OC (220 MICROSECONDS) 
3 MICROSECONOS PULSE GUARANTEES TRIGGERING POINTS FROM 
3 s+ t my WIDTH » 
a \ 
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3 
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Fi 
b 
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Du 


ENDED GATE CIRCUI 
INE FOR PULSE TRIG 


T 
IGE RING 
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0 s i} 


1.6 2 25 
INSTANTANEOUS GATE CURRENT~ AMPERES 


9. GATE TRIGGER CHARACTERISTICS 


APPLICATION INFORMATION AVAILABLE FROM GENERAL ELECTRIC 


PUBLICATION PUBLICATION 
NUMBER APPLICATION NOTES NUMBER APPLICATION NOTES 


200.31 Phase Control of SCR’s With Transformer 200.44 Speed Control for Shunt-Wound Motors 
and Other Inductive AC Loads 200.47 Speed Control for Universal Motors 


200.32 A Variety of Mounting Techniques for Press- 200.48 Washers, Ring Counters and Chasers 

Fit SCR’s and Rectifiers 201.1 A Plug-In Speed Control for Standard Port- 
200.33 Regulated Battery Charges Using the Silicon able Tools and Appliances 

Controlled Rectifier 201.13 Universal Motor Control With Built-In Self- 
200.43 Solid State Control for DC Motors Provides Timer 

Variable Speed with Synchronous — Motor ETR 

Performance 3875A SCR Manual 
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OUTLINE DRAWINGS 


C228/C229 


VIEW SHOWING 
TERMINAL 2 
= 


Es 


WITH PRESS-ON 
“ TERMINAL 2 


2. ANODE 


WITH SOLDER 
RING 


TERMINAL. 2 


1. CATHODE 


ISOLATED STUD 
TYPE 2 


TERMINAL 
ARRANGEMENT 


VIEW SHOWING 
TERMINAL 2 
eV 


eh 


mF 
ISOLATED TO-3 FLANGE 
TYPE 4 


NON-ISOLATED TO-3 FLANGE 
TYPE 5 


NOTES: 


iz 
(evance _—_HNCHES —_ {_—werae Ta Sy MBOE rT TT 1. Case temperature is measured for press-fit devices at the cen- 
A 501 ‘505 12,73 12,82 ter of the base; for stud types 1, 2 and 3 at the center of any 
467 475 [11.87 oe hex flat; for TO-3 outline mounting flange types 4 and 5 at 

a REF. 450 ner the center of the bottom of the flange. 


083 2. One external tooth lock washer and one nut (both steel, 
cadmium plated) are supplied with each stud and isolated 
stud unit. 

3. Insulation hardware for stud devices consisting of solder 
terminal, mica washers and one nylon bushing are available 
at extra cost upon request. 


ajaimiclo|a 


N ae 4. Other standard package variations are available upon request. 

Fe 5. Metric stud 8mm x 1.25 (.315 in. x .049 in.) is available 
r te) + a upon request. 
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CONSIDERATIONS 


Attachment of Press Fit Device to Printed Circuit Board 


MOUNTING 
Installation of Press-Fit SCR in Heat Sink 


When press fitting SCR into a heatsink, the following specifications 

and recommendations apply: 

1, Heatsink materials may be copper, aluminum or steel. For maxi- 
mum heat transfer and minimum corrosion problems, copper 
is recommended, The heatsink thickness, or amount of heatsink 
wall, in contact with the SCR should be 1/8 inch, 

2. The hole diameter into which the SCR is pressed must be 
0.4975 * .001 inch. A slight chamfer on the hole should be 
used, This hole may be punched in a flat plate and reamed, or 
extruded and sized in sheet metal. 

3. The entire knurled section of the SCR should be in contact 
with the heatsink to insure maximum heat transfer. The SCR 
must not be inserted into a heatsink deeper than the knurl height, 

4. The SCR insertion force must not exceed 800 pounds. If the 
insertion force approaches this value before complete insertion, 
either the SCR is misaligned with the hole or the SCR-to-hole 
interference is excessive. The insertion force must be uni- 
formly applied to the top face (terminal end) of the SCR within 
an annular ring which has an inside diameter of not less than 
0.370 inch and not larger than 0.390 inch; the outside diameter 
of the insertion force must not be less than 0.500 inch. 

5. The thermal resistance between the SCR case and a copper heat- 
sink will not exceed 0.5°C/W, if the SCR is inserted in the manner 
described, 


Soldering of Press-Fit Package to Heat Sink 


The press-fit package may be soldered directly to a heat sink using 
60/40 (Pb-Sn) solder at a temperature of about 200°C, 


873 


For certain light. load applications, the SCR can be inverted and, 
using a special brass bracket (A7149451), dip-soldered into a 
printed circuit board. The feet on the bracket act both as a mechan- 
ical support and anode electrical connection. For SCRs pre- 
assembled into the bracket, add -X123 to the type number, for 
example C228BX1 23. 


PRINTED WIRING TO 
ALL 3 CONNECTIONS 


BOTTOM VIEW 
OF ASSEMBLY 
BEFORE 
MOUNT ING 
TO BOARO 


Attachment of the Stud & Isolated Stud Device to a Heat Sink 


These devices require certain precautions in order to insure good 
thermal transfer. The chassis hole must be drilled and deburred, 
and should be between .005 and .015 inches larger than the stud 
outside diameter, The use of a Torque wrench is highly recommended 
and must be used within the torque limits indicated on page 2. A 
good grade of silicone grease will minimize contact thermal 
resistance. 


€230-C232 
€231-C233 


Silicon 7 
Controlled Rectifier 
25 ARMS TO 600 VOLTS 


The Silicon Controlled Rectifier C230/C232 is a reverse blocking triode thyristor designed 
for power switching and control circuits for high volume light industrial and consumer 
applications. 


The C231/C233 is basically the same as the C230/C232 device except for a specially selected 
gate trigger current of 9 milliamperes maximum. 


This SCR is a hermetically sealed device which incorporates General Electric’s patented 
POWER-GLAS™ process that improves upon normal pellet passivation techniques. It pro- 
vides an intimate bond between the silicon chip and the glass coating. The resulting stable, 
low-level leakage current provides excellent performance and demonstrated reliability. 


FEATURES: 


POWER-GLAS™ passivated silicon chip for maximum reliability. 

Very low off-state (leakage) current at room and elevated temperatures. 
Low power required for gate triggering. 

Power switching capabilities up to 10 KW. 

Excellent surge current capability. 

1800 Volts RMS surge isolation voltage on isolated SCR’s. 

Attractive pricing for applications requiring medium power devices. 


SIX BASIC PACKAGES 
¢ Other packages available upon request. 


ie 


PRESS-FIT ISOLATED STUD ISOLATED TO-3 
With Press-On f FLANGE 
Anode Terminal fe 


NON-ISOLATED ISOLATED STUD NON-ISOLATED TO-3 
U . With Solder Ring FLANGE 
Anode Terminal 7D) Mp y 
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C230/C232 
C231/C233 


MAXIMUM ALLOWABLE RATINGS 
VOLTAGE RATINGS 


ars | 


B C D TEST CONDITIONS 
VOLTS | VOLTS | VOLTS 


Vprm — Repetitive Peak Off-State Voltage (1,3) 
Verm — Repetitive Peak Reverse Voltage 
Tc = -40°C to 100°C 


Vasm — Non-Repetitive Reverse Voltage (1, 2) 
Tc = -40°C to 100°C 


RMS On-State Current, It¢amsy. 0 ee eee 25 Amperes (All Conduction Angles) 
Average On-State Current, It(ayvy - 6-0 eee Depends on Conduction Angle (See Charts 1 and 2) 
Critical Rate-of-Rise of On-State Current, di/dt Mo... 0. ee aes (See Chart 11) 
Gate Triggered Operation — Switching from 200 Volts.........0.... 000.000 00 eee 100 Amperes Per Microsecond 

— Switching from 400 Volts... 2.0.0... ee ee 65 Amperes Per Microsecond 

— Switching from 600 Volts... 0.0... 0.0.0.0... ee eee 30 Amperes Per Microsecond 
Peak One Cycle Surge (Non-Repetitive) On-State Current, Ipgyy, 60HZ .. 2... ee ne 250 Amperes 
I’t (for fusing) for times > 1.0 milliseconds .. 0.0.0.0... eect nee eee eenes 260 Ampere? Seconds 
Peak Gate Power Dissipation, Pgy ..... ee ec eee ee teen ee eens 5 Watts for 10 Microseconds 
Average: Gate ‘Power Dissipation, Poja vis wndvaeu stew een) ettat a aya Oa blag 9h dae et ha we 0.5 Watts 
Peak Positive Gate Current, Igy... ee ee eee eee ee eens (See Chart 7) 
Peak Positive Gate Voltage, Vom... cee ee eee ees (See Chart 7) 
Peak» Negative Gate. Voltage, Vong acts boa nae ab be REE ah eGR ah ee ed ee ee oe ae es 5 Volts 
Storage: Temperatiires Typ. isi Gc. seo Pod doartt % gemhie aaecth 9 Any Meas wae SHE elaee wea ANA ange ROCs -40°C to 125°C 
Operating Temperature, Ty... 0. cee ee een een ete enn enn eees -40°C to +100°C 
Stud Torque (Isolated and Non-Isolated Stud Types) .......... 00000 ce eee ees 25 Lb.-In. (29 Kg-Cm) (2.8 N-M) 
Maximum Insertion Pressure (Press-Fit Types)... 0.0... ee eee 800 Lbs. (364 Kg)(3.56N x 10°) 
Isolation Breakdown Voltage Between any Terminal and Stud or Flange (Isolated Types)(5).......... 1800 Volts RMS 
NOTES: 


1. Values apply for zero or negative gate voltage only. 

2, Half sine wave voltage pulse, 10 millisecond maximum duration. 

3. During performance of the Off-State and Reverse Blocking tests, the SCR should not be tested with a constant current source which 
would permit applied voltage to exceed the device rating. 

4, di/dt rating is established in accordance with EIA-NEMA Standard RS-397, Section 5.2.2.6. 

5. Rating applies for 50, 60 and 400 Hz sinusoidal wave form. 


PART NUMBER DESIGNATION 


C 230 U 2 


SILICON CONTROLLED RECTIFIER | | STUD/TO-3 FLANGE PACKAGE VARIATIONS 


CURRENT RATING & PACKAGE STYLE VOLTAGE RATINGS None = Non-Isolated Stud Mount 
= Isolated Stud Mount with 


230 = 25 A RMS Stud-TO-3 Flange U = 25 Volts Press-on Anode Terminal 
232 = 25 A RMS Press-Fit F = 50 Volts 3 = Isolated Stud Mount with 
A = 100 Volts Solder Ring Anode Terminal 

231 = 25 A RMS Stud/TO-3 Flange B = 200 Volts 4 = Isolated on TO-3 Outline 

233 = 25 A RMS Press-Fit C = 300 Voits Mounting Flange 
D = 400 Volts 5 = Non-Isolated on TO-3 Outline 
E = 500 Volts Mounting Flange 
M = 600 Volts 6 ~ 9 = Other Standard Variations 
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C230/C232 


CHARACTERISTICS 


TEST CONDITIONS 
Repetitive Peak Off- VprRM = VrrnM = Max. allowable volts peak 
State and Reverse mond 
Current(1) 
Vo 


Peak On-State Volts Tc = +25°C, Im = 100A Peak, 1 msec 
Voltage wide pulse. Duty Cycle < 2%, 


mA 
Critical Rate-of-Rise of ts/usec] To = +100°C, Rated VprM, Gate Open 
Off-State Voltage Circuited, Linear Wave form. 
(Higher values may 
cause device switching) 
dc 
Vdc 


] 
DC Gate Trigger mAdc 
7 "0230/0232 = = 120 Ohms 
a | = 12 Vdc, Ry = 60 Ohms 
C231/C233 = 12 Vdc, Ry = 120 Ohms 
Looe | 12 Vdc, Ry = 60 Ohms 
DC Gate Trigger Vet Vv = 12 Vdc, Ry = 120 Ohms 
Vonage ee = 12 Vdc, Ry, = 60 Ohms 
DC Gate Non-Trigger ; heel Tc = +100°C, Rated Vprm, Ry = 
Voltage 1000 Ohms 


DC Holding Current Anode Source Voltage = 24 Vdc, Peak Init- 
iating On-State Current = 0.5 Amps, 0.1 
msec to 10 msec Wide Pulse. Gate Trigger 
Source = 7 Volts, 20 Ohms 


DC Latching Current I, Anode Source Voltage = 24 Vdc, 
Gate Trigger Source = 15 Volts, 100 Ohms, 
50 usec Pulse Width, 5S usec rise and fall 
times max. 


Steady-State Thermal Resa 

Resistance(2) | ; ae 

Steady-State Thermal Junction-to-Case 

mesistance Nonr-Isolated Stud/Press-Fit 
Isolated Stud 
Non-Isolated TO-3 Flange 
Isolated TO-3 Flange 


NOTES: 
J. Values apply for zero or negative gate voltage only. 
2. The junction-to-ambient value is under worst case conditions; i.e., with No. 22 copper wire used for electrical contact to the terminals 
and natural convection cooling. 


WARNING 


Isolated products described in this specification sheet should be handled with care. The ceramic portion of these thyristors 


contains BERYLLIUM OXIDE as a major ingredient. 


Do not crush, grind, or abrade these portions of the thyristors because the dust resulting from such action may be hazardous 
if inhaled. 
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MAXIMUM ALLOWABLE CASE TEMPERATURE-*C 


C230/C232 
C€231/C233 


MAXIMUM ALLOWABLE CASE TEMPERATURE-*C 


AVERAGE FORWARD CURRENT~ AMPERES AVERAGE FORWARO CURRENT- AMPERES 


1, MAXIMUM ALLOWABLE CASE TEMPERATURE 2. MAXIMUM ALLOWABLE CASE TEMPERATURE 
FOR HALF-WAVE RECTIFIED FOR FULL-WAVE RECTIFIED 
SINE WAVE OF CURRENT FULL-WAVE OF CURRENT 
(FOR NON-ISOLATED STUD AND (FOR NON-ISOLATED STUD AND 
PRESS-FIT CASE TYPES ONLY) PRESS-FIT CASE TYPES ONLY) 


emis a FR i of 0 og MFG 
Kant tale beat + 


NOTE: JUNCTION TEMPERATURE IMMEDIATELY I | 
PRIOR TO SURGE -40°C TO + 100°C 


Be i 
a Se eee 
es S00) 


Sr 


Tyz+100°c / /1}:+25°C Pe 24 
_————_—————— 


OTES: 
1. Itt MSEC WIDE PULSE, 
DUTY CYCLE £2% 


INSTANTANEOUS ON- STATE CURRENT ( AMPERES) 
PEAK HALF SINE WAVE FORWARD CURRENT-AMPERES 


pe es a EE a 
pe ee ene ia ea 
eae a Pans 
| 2 4 6 8” 20 2 0 
INSTANTANEOUS ON- STATE VOLTAGE (VOLTS) CYCLES AT 60 CPS 
3. MAXIMUM ON-STATE VOLTAGE VS. 4. MAXIMUM ALLOWABLE PEAK SURGE CURRENT 


32 


ON-STATE CURRENT FOLLOWING RATED LOAD CONDITIONS 


28 


24 


AVERAGE FORWARD POWER DISSIPATION- WATTS 
B 


AVERAGE FORWARD POWER DISSIPATION~ WATTS 


ie) 4 8 l2 6. 20 24 28 oO 4 8 12 6 20 24 28 


AVERAGE FORWARD CURRENT-AMPERES AVERAGE FORWARD CURRENT-AMPERES 
5. MAXIMUM FORWARD POWER DISSIPATION 6. MAXIMUM FORWARD POWER DISSIPATION 
FOR HALF-WAVE RECTIFIED FOR FULL-WAVE RECTIFIED 


SINE WAVE OF CURRENT 877 SINE WAVE OF CURRENT 


INSTANTANEOUS GATE VOLTAGE-VOLTS 


€230/C232 
C231/C233 


0 : a Sa ™ T + 
5 au pans 1 MINIMUM GATE CURRENT REQ'D TO TRIGGER 
ALL UNITS AT: 
wn 925° 40°C | 
h a 
| SSeS 
MAX”ALLOWABTE ¥ aot “ 7) 
a INSTANTANEOUS GATE ¥ 5 
POWER DISSIPATION = 3 
% be 2 5.0 WATTS _ gus 4 12sec -4crc | 1 
\ wl SN MIN. GATE a 8 
TAGE RE 
P Koo 3 ES TO TRIGGER | 
g Or NO NITS AT; | 2 
\ IANS : 
a 
5. N 4 a ASS b E 
Bd Ss 43 
z SS MAX. GATE VOLTAGE THAT WILL 
\ = § NOT TRIGGER ANY UNITS AT o 
% i he 4 ow +100% © 0.2 V 2 
RECOMMENDED x | ) 10 20. 30 #440 °+# 50 ry 
pe AREA| ~__ INSTANTANEOUS GATE CURRENT-MILLIAMPERES | 
z 
3 = 
w 
4 


NOTES. (1) JUNCTION TEMPERATURE -40°C TO +100°C 
(2) SHADED AREA REPRENTS LOCUS OF POSSIBLE 
TRIGGERING POINTS FROM ~40°C TO +100°C 
jd. a on 


12 


© o2 O04 06 O08 10 14 16 18 20 22 24 26 
INSTANTANEOUS GATE CURRENT-AMPERES 
7. GATE TRIGGERING CHARACTERISTICS 
(C230 AND C232 TYPES) 
160 


T Tl TTtTt 


CURVE SHOWS MAXIMUM VALUES FOR 


| I TTT TT 
YT TTT 
LT TTT 


RECTANGULAR GATE VOLTAGE PULSE 
APPLIED FROM 20 OHM SOURCE 


ANODE SUPPLY : 12 VOLTS, 60 OHMS 


| 
| | TT N| 


80 


C230 ,C232 TYPES 


0.4 06 0.8 1.0 2. 40 60 8.010 
GATE PULSE WIDTH — MICROSECONDS 


9. VARIATION OF GATE TRIGGER CURRENT 
WITH GATE PULSE WIDTH (ALL TYPES) 


GATE TRIGGER CURRENT —MILLIAMPERES 


20 


TES: 
| f FREQUENCY = 400Hz MAXIMUM 


2. CASE TEMPERATURE = - 40°C TO +100°C. 1 
3. REQUIRED GATE DRIVE : 10 VOLTS, 20 OHM SOURCE, 107] 
RO: f 
RISE TIME MAXIMUM. 


4. INSTANTANEOUS VALUE OF ON-STATE CURRENT MUST 
baie EXCEEO TURN~ON CURRENT LIMIT LINES 
HOWN, 


i /at RATING IS ESTABLISHED IN ACCORDANCE WITH 
DE NDARD 


MAXIMUM ALLOWABLE PEAK 
ON~STATE CURRENT (AMPERES) 


TIME FROM START OF CURRENT FLOW (MIGROSECONDS) 
11. TURN-ON CURRENT LIMIT 


TEMPERATURE RANGE - 40°C TO +100°C Bese 


Ae ee pes 
[NYT EET He see eH 
Ne Ed 
Se LT 


40 60 80 100 


2.8 


878 


~ VOLTS 


TRIGGER VOLTAGE 


MINIMUM GATE CURRENT REQUIRED 
TO TRIGGER ALL UNITS AT: 


MAXIMUM ALLOWABLE 
INSTANTANEOUS GATE 
POWER 

28.0 Wi 


DISSIPATION 
ATTS 


. to) 10 1§ 20 25 
INSTANTANEOUS GATE CURRENT - MILLIAMPE! 
~ 


RECOMMENDED 
TRIGGER AREA 


Peres eel 


NOTES: (1) JUNCTION TEMPERATURE ,-40° TO +100°C 
(2)SHADED AREA REPRESENTS THE LOCUS OF POSSIBLE 
TRIGGERING POINTS FROM -40° TO +100°%C 


INSTANTAI 


SSUSSe al 


Pal eaes 


O02. 04 06 08 10 12 14 16 1.8 2.0 22 24 26 
INSTANTANEOUS GATE CURRENT.- AMPERES 
8. GATE TRIGGERING CHARACTERISTICS 
(C231 AND C233 TYPES) 
6.0 


ToT TTttit 


BRSae eae 


2 4 6 8 10 20 40 60 80 K 
GATE PULSE WIOTH - MICROSECONDS 


10. VARIATION OF GATE TRIGGER VOLTAGE 
WITH GATE PULSE WIDTH (ALL TYPES) 


(1) CURVE DEFINES TEMPERATURE RISE OF JUNCTION ABOVE CASE 
Fe LE LOAD PULSE OF DURATION t PEAK ALLOWABLE 
ONIN SCR, FOR TIME 1, STARTING FROM 
MAX T,,) 


INGS UNDER TRANSIENT AND 
INTERMITTENT LOADS." 


a 


TRANSIENT THERMAL IMPEDANCE—°C PER WATT 


0.01 (o}] 
TIME IN SECONDS 


12. MAXIMUM TRANSIENT THERMAL IMPEDANCE — 


JUNCTION-TO-CASE (FOR NON-ISOLATED STUD AND 
PRESS-FIT CASE TYPES ONLY) 


C230/C232 
C231/C232 


OUTLINE DRAWINGS 


VIEW SHOWING 
TERMINAL 2 3 


®) 5 | 
| — w 


2. ANODE 


2 2- _ | 
[—-# | 
at ay eae | 
setae 2 AF H 
ip) G Ct le 
= r | Fy re 
TT ——; z WITH SOLDER 


RING 
TERMINAL 2 


Uy 
c c : 
STRAIGHT | 
KNURL be e 


50 TPI 
ye 1, CATHODE 
PRESS-FIT ISOLATED STUD ISOLATED STUD TERMINAL 
TYPE 2 TYPE 3 ARRANGEMENT 


VIEW SHOWING 
TERMINAL 2 


| 


H t 
ISOLATED TO-3 FLANGE 
TYPE 4 


evdeoe INCHES METRIC MM | NOTES: 
MIN. MAX. MAX. 
; x — 2 4 i 1. Case temperature is measured for press-fit devices at the cen- 
c 17? REF 450 REF i ter of the base; for stud types 1, 2 and 3 at the center of any 
[ D 260 301 660 765 : hex flat; for TO-3 outline mounting flange types 4 and 5 at 
4 : f : 
E 083 097 2a 2.46 : the center of the bottom of the flange. 
; 340 376 8.85 aaa - 2. One external tooth lock washer and one nut (both steel, 
4 oa | ogg 36 226 ; cadmium plated) are supplied with each stud and isolated 
[¥ 060 069 163 [175 |[ ; y stud unit. 
N ecient 1 at Ue 22.04 : [ : : 3. Insulation hardware for stud devices consisting of solder 
P = “475 =, 12.06 : A i i lon ing ar ilabl 
iS ase aes i098 iL 22 L AL 150 "161 3.81 408 terminal, mica washers and one nylon bushing are available 
Rr (5} 1/4-28, UNF2A | — = |_AM = Loe | — f 25.92 at extra cost upon request. 
i s 086 098 2.19 2.48 AN = | 830 = 16.09 4. Other standard package variations are available upon request. 
T 52 | sez | 1403 | 1427 AP 9 13I 3.03 | 332 ; ; eis : 
Vv 240 260 S10 6.60 AQ = 918 i = 23.25 5. Metric stud 8mm x 1.25 (.315 in. x .049 in.) is available 
w 145 | 160 3.68 406 ||_AR — [3s — | 1308 upon request. 


MOUNTING CONSIDERATIONS 


Attachment of Press Fit Device to Printed Circuit Board 

For certain light. load applications, the SCR can be inverted and, 
using a special brass bracket (A7149451), dip-soldered into a 
printed circuit board, The feet on the bracket act both as a mechan- 
ical support and anode electrical connection, For SCRs pre- 
assembled into the bracket, add -X123 to the type number, for 
example C230BX123. 


Installation of Press-Fit Device in Heat Sink 


When press fitting SCR into a heatsink, the following specifications 

and recommendations apply: 

1. Heatsink materials may be copper, aluminum or steel. For maxi- 

mum heat transfer and minimum corrosion problems, copper 

is recommended. The heatsink thickness, or amount of heatsink 

wall, in contact with the SCR should be 1/8 inch. 

The hole diameter into which the SCR is pressed must be 

0.4975 = .001 inch, A slight chamfer on the hole should be 

used, This hole may be punched in a flat plate and reamed, or 

extruded and sized in sheet metal. 

3. The entire knurled section of the SCR should be in contact 
with the heatsink to insure maximum heat transfer. The SCR 
must not be inserted into a heatsink deeper than the knurl height, 


PRINTED 
CIRCUIT BOARO 


OIP SOLDER 

4. The SCR insertion force must not exceed 800 pounds, If the CONNECTIONS 

insertion force approaches this value before complete insertion, 

either the SCR is misaligned with the hole or the SCR-to-hole Be caseMbin. 

interference is excessive, The insertion force must be uni BEFORE MOUNTING 

formly applied to the top face (terminal end) of the SCR within TO BOARD 

an annular ring which has an inside diameter of not less than 

eee inch and fae larger Ue ice enn eaoiaaes diameter 

of the insertion force must not be less than 0.500 inch. ; A 
5. The thermal resistance between the SCR case and a copper heat- Attachinen tof he Stud’ a: leblated Stud: Device. 6:8 Hest sink 


These devices require certain precautions in order to insure good 
thermal transfer. The chassis hole must be drilled and deburred, and 
should be between .005 and .015 inches larger than the stud outside 
diameter, The use of a Torque wrench is highly recommended and 
must be used within the torque limits indicated on page 2. A good 
grade of silicone grease will minimize contact thermal resistance, 


sink will not exceed 0.5°C/W, if the SCR is inserted in the manner 
described, 


Soldering of Press-Fit Package to Heat Sink 


The press-fit package may be soldered directly to a heatsink using 
60/40 (Pb-Sn) solder at a temperature of about 200°C, 
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Silicon 


Controlled Rectifier 
25 ARMS TO 600 VOLTS 


The Silicon Controlled Rectifier C234/C235 is a reverse blocking triode thyristor. This 
SCR is a hermetically sealed device which incorporates General Electric’s patented POWER- 
GLAST process that improves upon normal pellet passivation techniques. It provides an 
intimate bond between the silicon chip and the glass coating. The resulting stable, low-level 
leakage current provides excellent performance and demonstrated reliability. 


FEATURES: 


Ideal for use in applications where a low cost inverter is desired. 

Guaranteed maximum turn-off time of 20 usec. 

POWER-GLAS™ passivated silicon chip for maximum reliability. 

Very low off-state (leakage) current at room and elevated temperatures. 

Forward and reverse blocking voltages to 600 volts. 

Characterization to 1000 Hz for both sinusoidal and rectangular anode current wave 
shapes. 

Excellent surge current capability. 

e¢ 1800 Volts RMS surge isolation voltage on isolated SCR’s. 


SIX BASIC PACKAGES 
e Other packages available upon request. 


With Press-On 
Anode Terminal 


FLANGE 


PRESS-FIT ISOLATED STUD J ISOLATED TO-3 


NON-ISOLATED ISOLATED STUD NON-ISOLATED TO-3 
With Solder Ring ay Op FLANGE 
Anode Termina! q 
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C234/C235 


MAXIMUM ALLOWABLE RATINGS 
VOLTAGE RATINGS 


TEST CONDITIONS 


Vporm — Repetitive Peak Off-State Voltage (1,3) 
Vero — Repetitive Peak Reverse Voltage 
To = -40°C to 100°C 


Veasm — Non-Repetitive Reverse Voltage (1, 2) 
Tc = -40°C to 100°C 


RMS On-State Current, Iq¢apmsy. 0 et eee eens 25 Amperes (All Conduction Angles) 
Average On-State Current, Ippay) 2... eee Depends on Conduction Angle (See Charts 5 and 7) 
Critical Rate-of-Rise of On-State Current, difdt Mo... ee ee ene (See Chart 11) 
Gate Triggered Operation — Switching from 200 Volts.... 0... 20.0... .. 02.2 cee eee 100 Amperes Per Microsecond 

— Switching from 400 Volts... 2.00... cee ee 65 Amperes Per Microsecond 

— Switching from 600 Volts............. 0.00.00 0 0085 30 Amperes Per Microsecond 
Peak One Cycle Surge (Non-Repetitive) On-State Current, Ipgy, 60 HZ... - 6 ee eee 250 Amperes 
I’t (for fusing), for times > 1.0 milliseconds... 00... tenes 260 Ampere? Seconds 
Peak Gate Power Dissipation, Poy... . 6... ee ee eee 5 Watts for 10 Microseconds 
Average Gate Power Dissipation, Pagay)..-- ec eee ee tee tet teen enone 0.5 Watts 
Peak Positive Gate Current, Igy... ee eee ee eee (See Chart 3) 
Peak Positive Gate Voltage, Vom... 0c ne ee en eee (See Chart 3) 
Peak Negative Gate Voltage, Vom «1... cece cee ee et eee ee ee ee eee ne eee nee ens 5 Volts 
Stotage: Tempenitures Tis: «uns ea vere sce oo weewaoenia Mi eeia PML a hoe ge ee eae aa Se te -40°C to +125°C 
Operating Temperature, Tye cx ve ta awatie nc ened idee Seas PUM 4A Ree Ow ER dea Ra eRe -40°C to +100°C 
Stud Torque (Isolated and Non-Isolated Stud Types) ..........-0 000 eee eee 25 Lb.-In. (29 Kg-Cm) (2.8 N-M) 
Maximum Insertion Pressure (Press-Fit Types)... 2... 2... eee ee ee ns 800 Lbs. (364 Kg)(3.56N x 10°) 
Isolation Breakdown Voltage Between any Terminal and Stud or Flange (Isolated Types)$) ......... 1800 Volts RMS 
NOTES: 


1, Values apply for zero or negative gate voltage only. 

2. Half sine wave voltage pulse, 10 millisecond maximum duration. 

3, During performance of the Off-State and Reverse Blocking tests, the SCR should not be tested with a constant current source which 
would permit applied voltage to exceed the device rating. 

4, di/dt rating is established in accordance with EIA-NEMA Standard RS-397, Section 5.2.2.6. 

5. Rating applies for 50, 60 and 400 Hz sinusoidal wave form. 


PART NUMBER DESIGNATION 


C 234 U 2 
SILICON CONTROLLED RECTIFIER ee | STUD/TO-3 FLANGE PACKAGE VARIATIONS 
CURRENT RATING & PACKAGE STYLE VOLTAGE RATINGS None = Non-Isolated Stud Mount 
Re ee ae ee 2 =Isolated Stud Mount with 
234 = 25 A RMS Stud/TO-3 Flange U = 25 Volts Baha aaa 
235 = 25 A RMS Press-Fit F = 50 Volts 3 = Isolated Stud Mount with 
A = 100 Volts Solder Ring Anode Terminal 
B = 200 Volts 4 = Isolated on TO-3 Outline 
C = 300 Volts Mounting Flange 
D = 400 Volts 5 = Non-Isolated on TO-3 Outline 
E = 500 Volts Mounting Flange 
M = 600 Volts 6 — 9 = Other Standard Variations 
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C234/C235 CHARACTERISTICS 
TESt TEST CONDITIONS 


Repetitive Peak Off- IrrRM mA Vpro = Varo = Max. allowable volts peak 
and = 05 = cS 
IpRM : 3 
_ To = +100°C 


State and Reverse 
Volts | To = +25°C, Ipy = 100 A_ peak, 1 
msec wide ae Duty Cycle < 2%. 


Current() 


Peak On-State 
Voltage 


To = +25°C, Vp = 12 Vdc, Ry = 120 Ohms 


Critical Rate-of-Rise of dv/dt 50 200 
Off-State Voltage 
(Higher values may 
cause device switching) 
DC Gate Trigger Ior 
caer Tc = -40°C, Vp = 12 Vde, Ry, = 60 Ohms 
Yer pa = 12 Vdc, Ry = 120 Ohms 


DC Gate Trigger 
1 
Meliage = -40°C, 12 Vde, Ry, = 60 Ohms 
DC Gate Non-Trigger Vep 0.2 Vdc To= +100°C, Rated Vprm. RL = 
Voltage 1000 Ohms 


DC Holding Current Anode Source Voltage = 24 Vdc, Peak Initi- 
ating On-State Current = 0.5 Amps, 0.1 
msec to 10 msec Wide Pulse. Gate Trigger 
Source = 7 Volts, 20 Ohms 


+25°C 
-40°C 
Anode Source Voltage = 24 Vdc. 
Gate Trigger Source = 15 Volts, 100 Ohms, 
50 usec Pulse Width, 5 wsec rise and fall 

times max. 


To = +25°C 


DC Latching Current 


(1) Te = +100°C 
(2) Ipm = 35 Amperes Peak 
(3) Vr = 50 Volts Min. 

(4) Vprm (Reapplied) 

(5) Rate-of-Rise of Off-State Voltage 

(dv/dt) = 20V/usec 

(6) Commutation di/dt = -5 Amps/ysec 

(7) Repetition Rate = 60 pps. 

(8) Varo = rated volts max. Rectangular 
Current Pulse, 40 usec duration. Reverse 
Voltage at end of turn-off time interval 
= 12 volts min. Off-State Voltage = 
Rated V. 

(9) Gate Bias During Turn-Off Interval = 

0 Volts, 100 Ohms 


Junction-to-Ambient 


Circuit Commutated 
Turn-Off Time 


Junction-to-Case==—t—“‘iOSOSOSC*” 
Non-Isolated Stud/Press-Fit 
Isolated Stud 
Non-Isolated TO-3 Flange 


Isolated TO-3 Flange 


Steady- ee Thermal 
Resistance 


NOTES: 


1. Values apply for zero or negative gate voltage only. 
2. The junction-to-ambient value is under worst case conditions; ic., with No. 22 copper wire used for electrical contact to the terminals 
and natural convection cooling. 


WARNING 
Isolated products described in this specification sheet should be handled with care. The ceramic portion of these thyristors 
contains BERYLLIUM OXIDE as a major ingredient. 


Do not crush, grind, or abrade these portions of the thyristors because the dust resulting from such action may be hazardous 
if inhaled. 
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TRIGGERING 
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3. GATE TRIGGERING CHARACTERISTICS 


CIRCUIT COMMUTATED TURN-OFF TIME—MICROSECONDS 


GATE TRIGGER CURRENT — MILLIAMPERES 
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GATE PULSE WIDTH- MICROSECONDS 


4. VARIATION OF MAXIMUM GATE TRIGGERING 
CURRENT WITH GATE PULSE WIDTH 


RECTANGULAR WAVE DATA 
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2. RATINGS DERIVED FOR OS WATT AVERAGE 
GATE POWER DISSIPATION, 


3. DI/DT= 40 AMPS /ySEC MAX. 
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6. MAXIMUM ALLOWABLE POWER DISSIPATION 
VS. ON-STATE CURRENT 
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NOTES: |, FREQUENCY = 50 TO 1000 Hz. 
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7. MAXIMUM “ALLOWABLE CASE TEMPERATURE 
VS. ON-STATE CURRENT 


(FOR NON-ISOLATED STUD AND 
PRESS-FIT CASE TYPES ONLY) 


SINE WAVE DATA 


AVERAGE ON-STATE POWER DISSIPATION —WATTS 


NOTES: 1. MPERATURE = +100" 


2. FREQUENCY = 50 TO 1000 Hz 
3. RATING DERIVED FOR 0.5 WATT 
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TRANSIENT THERMAL IMPEOANCE—°C PER WATT 
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TERMINAL 
ARRANGEMENT 


NON-ISOLATED TO-3 FLANGE 
TYPE 5 


ISOLATED TO-3 FLANGE 
TYPE 4 


INCHES METRIC MM METRIC MM NOTES: 
ee 
.S0l 505 12.73 '2.62 : A A 1. Case temperature is measured for press-fit devices at the cen- 


467 475 11.87 12.06 


ter of the base; for stud types 1, 2 and 3 at the center of any 
hex flat; for TO-3 outline mounting flange types 4 and 5 at 
the center of the bottom of the flange. 

2. One external tooth lock washer and one nut (both steel, 
cadmium plated) are supplied with each stud and isolated 
stud unit. 

3. Insulation hardware for stud devices consisting of solder 
terminal, mica washers and one nylon bushing are available 
at extra cost upon request. 

4. Other standard package variations are available upon request. 


5. Metric stud 8mm x 1.25 (.315 in. x .049 in.) is available 
upon request. 


MOUNTING CONSIDERATIONS 

Attachment of Press Fit Device to Printed Circuit Board 

For certain light. load applications, the SCR can be inverted and, 
using a special brass bracket (A7149451), dip-soldered into a 
printed circuit board. The feet on the bracket act both as a mechan- 
ical support and anode electrical connection, For SCRs pre- 
assembled into the bracket, add -X123 to the type number, for 
example C234BX123. 


Installation of Press-Fit SCR in Heat Sink 


When press fitting SCR into a heatsink, the following specifications 

and recommendations apply: 

1, Heatsink materials may be copper, aluminum or steel. For maxi- 
mum heat transfer and minimum corrosion problems, copper 
is recommended. The heatsink thickness, or amount of heatsink 
wall, in contact with the SCR should be 1/8 inch, 

2, The hole diameter into which the’ SCR is pressed must be 
0.4975 = .001 inch. A slight chamfer on the hole should be 
used. This hole may be punched in a flat plate and reamed, or 
extruded and sized in sheet metal, 

3, The entire knurled section of the SCR should be in contact 
with the heatsink to insure maximum heat transfer. The SCR 
must not be inserted into a heatsink deeper than the knurl height, 

4, The SCR insertion force must not exceed 800 pounds, If the 
insertion force approaches this value before complete insertion, 


PRINTED WIRING TO 
ALL 3 CONNECTIONS 


either the SCR is misaligned with the hole or the SCR-to-hole OF ASSEMBLY 
interference is excessive, The insertion force must be uni MeUNT NG 
formly applied to the top face (terminal end) of the SCR within TO BOARO 


an annular ring which has an inside diameter of not less than 
0.370 inch and not larger than 0.390 inch; the outside diameter 


5, 


of the insertion force must not be less than 0.500 inch, 

The thermal resistance between the SCR case and a copper heat- 
sink will not exceed 0,5°C/W, if the SCR is inserted in the manner 
described, 


Soldering of Press-Fit Package to Heat Sink 


The press-fit package may be soldered directly to a heat sink using 
60/40 (Pb-Sn) solder at a temperature of about 200°C. 
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Attachment of the Stud & Isolated Stud Device to a Heat Sink 
These devices require certain precautions in order to insure good 
thermal transfer. The chassis hole must be drilled and deburred, 
and should be between .005 and .015 inches larger than the stud 
outside diameter. The use of a Torque wrench is highly recommended 
and must be used within the torque limits indicated on page 2. A 
good grade of silicone grease will minimize contact thermal 
resistance, 


High Power 


Silicon 6350 
Controlled Rectifier v 


1300 VOLTS 180 ARMS 


The General Electric C350 silicon controlled rectifier is designed for phase 
control applications. This is an all-diffused Press-Pak device employing the 
field-proven amplifying gate. 


FEATURES: 

High di/dt Ratings 

High dv/dt Capability With Selections Available 

Excellent Surge I*t Ratings Providing Easy Fusing 

Guaranteed Maximum Turn-Off Time With Selections Available 
Rugged Hermetic Glazed Ceramic Package 


IMPORTANT: Mounting instructions on the mounting clamp specifications must be fallowed. 


MAXIMUM ALLOWABLE RATINGS 


REPETITIVE PEAK OFF-STATE | REPETITIVE PEAK REVERSE NON-REPETITIVE PEAK 
VOLTAGE, Vpam! VOLTAGE, Varm! REVERSE VOLTAGE, Vasu! 
Ty = -40°C to +125°C Ty = -40°C to +125°C Ty = +125°C 


C350E 500 Volts 500 Volts 600 Volts 
C350M 600 600 720 
C3508 700 700 850 


C350N 800 800 950 
C350T 900 900 1075 
C350P 1000 1000 1200 
C350PA 1100 1100 1325 
C350PB 1200 1200 1450 
C350PC 1300 1300 1550 


1 Half sinewave waveform 10 ms max. pulse width. 


Average On-State Current, Ip(av)...- ee eee ee eee Depends on Conduction Angle (See Charts 1 and 3) 
Peak One-Cycle Surge (Non-Repetitive) Current, Ipgy (60 Hz)... 0... ce ee cc ees 1600 Amperes 
Peak One-Cycle Surge (Non-Repetitive) Current, Ipgy (S50 Hz)... 0... ee ee ee ete 1480 Amperes 
Critical Rate-of-Rise of On-State Current (Non-Repetitive)f... 2.0... 0c cee eee eee 800 A/ys 
Cirtical Rate-of-Rise of On-State Current (Repetitive)... 2... eee eee eee 500 A/ys 
I*t (for fusing) (for times > 1.5 milliseconds).........0.000e cece cece eee eens 7,680 (RMS Ampere)* Seconds 
I’t (for fusing) (at 8.3 milliseconds) ........ 00.000 e cece eee eee ee eee 10,600 (RMS Ampere)” Seconds 
Peak Gate Power Dissipation, Pay... - eee ce ee ee eee ee eee eee ee ee eee eee 10 Watts 
Average Gate: Power Dissipation; PG (ay) «ees ena ee ew tc Oke eae Hace da Ravens oe dak ele ea ak 2 Watts 
Storage “Temperatures Tegpn.n ecu own teat bo vad ae ta weak oh Ree es aan ds male 14 ee ary -40°C to +150°C 
Operating Temperate Tycicccciy cackg <td Winds dels ea h ee eel ee bie aha Sa a ee BO -40°C to +125°C 
Mounting Force Required... 2... ee eee ee eee eee ne tte eee en snes 800 Lbs. + 10% 


3.56 Kn t 10% 
NOTES: 


tdi/dt ratings established in accordance with EIA-NEMA Standard RS397, Section 5.2.2.6 for conditions of maximum rated Vppm: 20 volts, 
20 ohms gate trigger source with 0.5 us short circuit trigger current rise time. 
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CHARACTERISTICS 


SymBor | MIN. | 1¥P. | 
Repetitive Peak Reverse IprM aS 
and Off-State Current and 

IRRM 

| - | 3 | 

ae ee 

ann 
C350N | - | 3 | 
Pp - [| 3 | 
ee ee 
| - [| 3 | 
p= [3 | 
| = [3 | 
Repetitive Peak Reverse IprM 
and Off-State Current and 
IRRM 

p= [is | 

| = [iis | 

p= [is | 
| = | is | 
ee ee 
fas 

C350PA P= | ou | 
| = | 10 | 

a ee 

TT a ae 


Effective Thermal 
Resistance 


Critical Rate-of-Rise of 
Off-State Voltage. (Higher 


values may cause device 
switching.) 


MAX. UNITS TEST CONDITIONS 
mA 


500 Volts Peak 


mA | Ty = +125°C 


Vpro = Varo = 
500 Volts Peak 
600 
700 
fC <aes—“(;(‘CSCS*szC 


1200 
1300 


Junction-to-Case (Single-Side Cooling) 


°C/Watt 


Junction-to-Case (Double-Side Cooling) 


Ty = 125°C, Gate Open Circuited. Vprm = 
Rated, Using Linear or Exponential Rising 


Waveform. Vv 
Exponential dv/dt = a 


(.632) 


Higher minimum dv/dt selection available ~ consult factory. 


150 


Turn-On Delay Time 


DC Gate Trigger Current Igt 


Ea ae 
| = | 30 
ieee ra 
oa ial Ll 
boa 


DC Gate Trigger Voltage 


200 
125 
3.0 


To = +25°C, Anode Supply = 24 Vdc. 
Initial On-State Current = 2 Amps. 


Tc = 425°C, Ipm = 50 Adc, Vprm = Rated, 
Gate Supply: 10 Volt Open Circuit, 20 
Ohm, 0.1 psec max. rise time. 


Tc = 425°C, Vp = 6 Vdc, Ry = 3 Ohms 
Tc = -40°C, Vp = 6 Vde, Ry, = 3 Ohms 
To = 120°C, Vp = 6 Vdc, Ry, = 3 Ohms 


Vde | To = -40°C to +120°C, Vp = 6 Vdc, 
R, = 3 Ohms 
Tec =+120°C, Vprpm = Rated, Ry =1000 
Ohms 


mAdc 


Peak On-State Voltage VIM 2.0 2.6 Volts To = +25°C, Ipy = 500 Amps. Peak. 
Duty Cycle < 0.01% 


Circuited Commutated 
Turn-Off Time 


*Consult factory if guaranteed turn-off time is required. 
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(1) Ty = +125°C 


tq 200 —* psec 

(2) Ip = 50 Amps Peak 

(3) Vr = 50 Volts Min. 

(4) Vprm = Rated (Reapplied) 

(5) Rate-of-Rise of Reapplied Off-State 
Voltage = 20V/usec (Linear). 

(6) Gate Bias = 0 Volts, 100 Ohms During 
Turn-Off Interval. 

(7) Duty Cycle < 0.01% 


MAXIMUM ALLOWABLE CASE TEMPERATURE -°C MAXIMUM ALLOWABLE CASE TEMPERATURE -°C 
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AVERAGE ON-STATE POWER DISSIPATION - WATTS 


e ee 00 300 0 100 200 300 
AVERAGE ON-STATE CURRENT- AMPERES AVERAGE ON-STATE CURRENT - AMPERES 
5. MAXIMUM ON-STATE POWER DISSIPATION 6. MAXIMUM ON-STATE POWER DISSIPATION 
FOR SINUSOIDAL CURRENT WAVEFORM FOR RECTANGULAR CURRENT WAVEFORM 
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9. MAXIMUM ALLOWABLE SURGE (NON- 
REPETITIVE) ON-STATE CURRENT RATING 


100, 
80 


=a 
| I 

[| 
40) tae 
ANS 


cl 
pe: 20V,200 1S MINIMUM GATE SOURCE LOAD 
LT FT LIne AT ditt 100 AMP/usect, = 5 SEC MIN, 


OSm SEC MAX fISE TIME. 


Fail leo, 65a 18 MINIMUM GATE SOURCE LOAD 
LINE AT 4i/dt < 1OOAMP/msecT, = 5x SEC MIN, 
a 1-08 SEC MAX RISE TIME 
ra 


INSTANTANEOUS GATE CURRENT- AMPERES 


INSTANTANEOUS GATE VOLTAGE- VOLTS 


NOTES: 
1. Maximum allowable gate power dissipation = 2 watts. 


2. The locus of possible DC trigger points lie outside the 
boundaries shown at various case temperatures, 


3. Tp = Rectangular Gate Current Pulse Width. 


10. GATE TRIGGER CHARACTERISTICS 
AND POWER RATINGS 
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INSTANTANEOUS ON-STATE CURRENT- AMPERES 


TRANSIENT THERMAL IMPEDANCE - °C/W 


5 6 1 


fl 2 3 4 i 
INSTANTANEOUS ON-STATE VOLTAGE -VOLTS TIME (SEC) 


11. MAXIMUM ON-STATE CHARACTERISTICS 


OUTLINE DRAWING 


Conversion Table 


TABLE OF DIMENSIONS 


12. TRANSIENT THERMAL IMPEDANCE — 
JUNCTION-TO-CASE 


DECIMAL INCHES 
SYM|_MIN MIN. | MAX. 
A | .744 
B | .030 | 
c | .515 
Tp | 1.600 | 
—E | wo [ - 
F | .o3! 
6 | _.os7 | 
H | 7.980 
J = 300 _| 7.620 
K | 137 153 3.479| 3.886 
Lc | .065 070 (.651| 1.778 
TM | .245 260 |  6.223| 6.604 
N 120 | 140 3.048] 3.556 
| P | 1090 1125 | 27.69 | 28,55 
R 135 145 3.429| 3.683 
ess | 083 L701 { 2.108 
T | .340 = 8.636, — 
t [u fe 186 | 189 4.724| 4.801 
T 
ACCEPTS AMP. Pee A _ B 


TERMINAL # 60598-|! TYP. 
OR EQUIVALENT 


H —- STRAIGHT LEAD LENGTH, TYP. 2 LEADS 
T —SURFACE CREEPAGE 


FOR MOUNTING HARDWARE SEE SELECTOR GUIDE 
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HIGH SPEED 


Silicon Controlled Rectifier —. 


600 Volts 275A RMS AMPLIFYING GATE 


The General Electric C354 and C355 Silicon Controlled Rectifiers are de- 
signed for power switching at high frequencies. These are all-diffused Press- 
Pak devices employing the field-proven amplifying gate. 


FEATURES: 


e Fully characterized for operation in inverter and chopper applications. 
e High di/dt ratings. 

e High dv/dt capability with selections available. 

e Rugged hermetic glazed ceramic package. 


MAXIMUM ALLOWABLE RATINGS 


REPETITIVE PEAK OFF-STATE | REPETITIVE PEAK REVERSE NON-REPETITIVE PEAK 
VOLTAGE, Vprm! VOLTAGE, Venu! REVERSE VOLTAGE, Vasu! 
Ty = -40°C to +125°C Ty = -40°C to +125°C Ty = +125°C 


C354A, C355A 100 Volts 100 Volts 200 Volts 
C354B, C355B 200 300 


C354C, C355C 300 400 
C354D, C355D 400 500 
C354E, C355E 500 600 
C354M, C355M 600 720 


1 Half sinewave waveform 10 ms max. pulse width. 


Peak One Cycle Surge (Non-Repetitive) On-State Current, Ipgy (60 Hz)... . 1.0 ee eee eee 1,800 Amperes 
Peak One Cycle Surge (Non-Repetitive) On-State Current, Ipgy (50 Hz)... 0... ee ee eee 1,700 Amperes 
I?t (for fusing) for times > 1.5 milliseconds ........, 0.00000 e cee cece eee 9.500 RMS Ampere? Seconds 
It (for fusing) for times > 8.3 milliseconds ............ 0000 ce cece eee eee ee 13,500 RMS Ampere* Seconds 
Critical Rate-of-Rise of On-State Current, Non-Repetitive ........ 2.0.0.0. eee ee es 800 A/us Tf 
Critical Rate-of-Rise of On-State Current, Repetitive 2... 2... ee te eee ee 500 A/ys ¢ 
Average Gate Power Dissipation, Pagay)---- eee etn eet ee ee eee ee 2 Watts 
Storage: Stemperature, Toye, ipiacecsu vaca oN Sard ea a Ao qaead tie ea paleo ae 2 eels ee Hace eG -40°C to-+150°C 
Operating Temperature, Ty 2... 0 ee ee eee eee eee nee -40°C to +125°C 
Mounting HOrce 2.4 ae we el acd Sindee oA ae a tA ee es See Gor & Rea Daa eo Bes a eS ea sins 800 Lbs. + 10% 


3.56 KN + 10% 


fdi/dt ratings established in accordance with EIA-NEMA Standard RS-397, Section 5.2.2.6 for conditions of max. rated VppM™; 20 volts, 
20 ohms gate trigger source with 0.Sus short circuit trigger current rise time. 
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C354/C355 


CHARACTERISTICS 


ody 


V/usec 


IaRM 
and 
IprmM 
IRRM 
and 
Ippo 
Thermal Resistance 


Critical Rate-of-Rise of dv/dt 
Off-State Voltage (Higher 
Values May Cause Device 
Switching) 


C354 
C355 


TEST CONDITION 
Te = +25°C, V = Vprm = Varo 


Repetitive Peak Reverse 
and Off-State Current 


thes : 
< 
<3 

“I 

Ez 

> 


Repetitive Peak Reverse 


= 125°C, Ve= VprRM = VRRM 
and Off-State Current 


Junction-to-Case — Single-Side Cooled 


Junction-to-Case — Double-Side Cooled 


Ty = +125°C, Gate Open. Vprm = Rated, 
Using Linear or Exponential Rising 
Waveform. 


Exponential dv/dt = YpRM (.632) 


ae); |. 


200 
100 


Higher minimum dv/dt selections — consult factory. 


mAdc | Tc = +25°C, Anode Supply = 24 Vdc 
Initial On- State Current = 2 Amps. 


won 
oo 
oo 


Holding Current 


— 
+, 
nce 


Tc = +125°C, Vpro> Ry = 1000 Ohms 


3.0 Volts | To = +25°C, Ipy = 500 Amps. Peak 
Duty Cycle < .01% 


Tc = +25°C, Ip = 50 Adc, Vprm. Gate 
Supply: 20 Volt Open Circuit, 20 Ohm, 
0.1 usec rise time 


(1) Te = +125°C 


(Q) Itm = 50 Amps. 
(3) Vp = 50 Volts Min. 


DC Gate Trigger Current Tex za eee mAdc | Tc = +25°C, Vp = 6 Vdc, Ry, = 3 Ohms 
Ppa Te = +125°C, Vp = 6 Vdc, Ry, = 3 Ohms 
DC Gate Trigger Voltage Ver 3.0 Vdc Tc = -40°C to 0°C, Vp = 6 Vdc, 
Ry, = 3 Ohms 
3.0 To = 0°C to +125°C, Vp = 6 Vde 
Ry = 3 Ohms 


Peak On-State Voltage 


Turn-On Delay Time 
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te nA 
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Conventional Circuit 
Commutated Turn-Off 
Time (with Reverse 


Voltage) (4) Vprm (Reapplied) 
C354 (5) Rate-of-Rise of Reapplied Off-State 
C355 Voltage = 20 V/usec (linear). 


(6) Commutation di/dt = 5 Amps/psec. 
(7) Duty Cycle < .01% 

(8) Gate Bias During Turn-Off Interval = 
0 Volts, 100 Ohms 


Conventional Circuit Tc = +125°C 
Commutated Turn-Off (2) Ipm = 150 Amps. 
Time (with Feedback (3) Vr = 1 Volt 


Diode) (4) Vprm (Reapplied) 

(S) Rate-of-Rise of Reapplied Off-State 
Voltage = 20 V/usec (linear) 

(6) Commutation di/dt = 5 Amps/psec 

(7) Duty Cycle < .01% 

(8) Gate Bias During Turn-Off Interval = 

0 Volts, 100 Ohms 


C354 
C355 


ot 
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Lae | 
“ 
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jConsult factory for specified maximum turn-off time. 
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PEAK ON-STATE CURRENT-AMPERES 


PEAK ON-~STATE CURRENT-AMPERES 


SINE WAVE CURRENT RATING DATA 
DOUBLE-SIDE COOLING 
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PULSE BASE WIDTH~-MICROSECONDS 


1. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. PULSE WIDTH (Tg = 65°C) 


lo ree) 1000 10,000 
PULSE BASE WIDTH-MICROSECONDS 


2. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. PULSE WIDTH (Tc = 90°C) 
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C354/C355 


PEAK ON-STATE CURRENT—AMPERES 
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3. ENERGY PER PULSE FOR SINUSOIDAL PULSES 


NOTES: 


1, 
2. Maximum ckt. dv/dt = 100 volts/usec 
3. 

4, Required gate drive: 


nog 


Switching voltage < 400 volts. 
Reverse voltage applied = VR < 400 volts. 


20 volts, 65 ohms, 1 usec rise time for less than 100 amps/ 
usec 

20 volts, 20 ohms, .5 usec rise time for greater than 100 
amps/usec 

R-C Snubber ckt. = 0.25uf, 52 

Double-Side Cooled 

Max. energy dissipated during reverse recovery to be 15% 
of total W-S/P shown in chart 5 or 0.03 W-S/P whichever 
is least, 

Values of W-S/P are for Ty = 125°C. 


RECTANGULAR WAVE CURRENT RATING DATA 


DUTY CYCLE — 50% 
7 


| es | 
5 10 20 
RATE OF RISE ON~STATE CURRENT-AMPERES 
4. MAXIMUM ALLOWABLE PEAK ON-STATE 


CURRENT VS. difdt (Tc = 65°C) 


30 «40 60 80 100 


—L____1 
5 10 20 30 40 60 80 100 
RATE OF RISE ON~STATE CURRENT AMPERES PER MICROSECOND 


5. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. di/dt (Te = 90°C) 
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PEAK ON-STATE CURRENT- AMPERES 


DUTY CYCLE — 25% 
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RATE OF RISE ON-STATE CURRENT AMPERES PER MICROSECOND 


6. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. di/dt (Tc = 65°C) 


PEAK ON— STATE CURRENT—AMPERES 
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7. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. di/dt (Te = 90°C) 
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8. ENERGY PER PULSE VS. PEAK CURRENT 
AND PULSE WIDTH (di/dt = 100 A/ysec) 
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AND PULSE WIDTH (di/dt = 25 A/usec) 
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10. ENERGY PER PULSE VS. PEAK CURRENT 
AND PULSE WIDTH (di/dt = 5 A/usec) 
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C354/C355 
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INSTANTANEOUS ON-STATE CURRENT - AMPER 


PEAK HALF SINE WAVE ON-STATE CURRENT 
AMPERES 
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INSTANTANEOUS ON-STATE VOLTAGE - VOLTS 


11. MAXIMUM ON-STATE CHARACTERISTICS 
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12. GATE TRIGGER CHARACTERISTICS AND 
POWER RATINGS 
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14. SUB-CYCLE SURGE (NON-REPETITIVE) 
ON-STATE CURRENT LOAD I?t RATING 


TRANSIENT THERMAL IMPEDANCE 
°C PER WATT 
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TIME - SECONDS 
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15. TRANSIENT THERMAL IMPEDANCE — 
JUNCTION-TO-CASE 
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C354/C355 


RECOVERED CHARGE DATA 
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RECOVERED CHARGE - Qperpec) - MICROCOULOMBS 


dj} 1343 
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REVERSE di/dt - AMPERES PER MICROSECOND -> 


16. TYPICAL RECOVERED CHARGE AT 125°C 
SINEWAVE CURRENT WAVEFORM 


OUTLINE DRAWING 


(O)... TABLE OF DIMENSIONS 
AED. on Conversion Table 
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HIGH SPEED 


Silicon Controlled Rectifier 


1200 Volts 


The General Electric C358 Silicon Controlled Rectifier is designed for power 
switching at high frequencies. This is an all-diffused Press-Pak device em- 


ploying the field-proven amplifying gate. 


FEATURES: 


High di/dt ratings. 
High dv/dt capability with selections available. 
Rugged hermetic glazed ceramic package. 


Fully characterized for operation in inverted and chopper applications. 


C358 
225A RMS Ee Se 


she ee Ns 


SINUSOIDAL WAVEFORM 
50% DUTY CYCLE 
180° CONDUCTION 


800 VOLT BLOCKING 


ALLOWABLE PEAK ON-STATE CURRENT- AMPERES 


100 1000 
FREQUENCY IN Hz 


TT 
St 


65° CASE TEMPERATURE 


400 |-———}+-—_}._}_4___| 


ALLOWABLE PEAK ON-STATE CURRENT {AMPERES) 


di fst 
|}. — 


RECTANGULAR WAVEFORM 
50% DUTY CYCLE 


di/dt -25 AMPS /u SEC 
100 |} + 65°C CASE TEMPERATURE 
IG 


800 VOLT BLOCKIN 


100 200 


400 600 
FREQUENCY IN Hz 


1000 2000 5000 


MAXIMUM ALLOWABLE RATINGS 


REPETITIVE PEAK OFF-STATE 


VOLTAGE, Voru! 
Ty = -40°C to +125°C 


C358E 
C358M 
C3588 
C358N 
C358T 
C358P 
C358PA 
C358PB 


500 Volts 


1 Half sinewave waveform 10 ms max. pulse width. 
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REPETITIVE PEAK REVERSE 
VOLTAGE, Var! 
T, = -40°C to +125°C 


500 Volts 


NON-REPETITIVE PEAK 
REVERSE VOLTAGE, Vas! 


Ty = +125°C 


600 Volts 


RMS On-State Current, Iq(pms)--- +e eee etter et eee teeta e enna 225 Amperes 
Peak One Cycle Surge (Non-Repetitive) On-State Current, Ipgy (60 Hz)... 2-0-2 ee ee ees 1600 Amperes 
Peak One Cycle Surge (Non-Repetitive) On-State Current, Ipgy (50 Hz)... .-- ee ee ee eee 1500 Amperes 
[’t (for fusing) for times > 1.5 milliseconds .......... 0.00002 e eee eee 5,200 (RMS Ampere)* Seconds 
I*t (for fusing) for times > 8.3 milliseconds ........... 0.00. c eee eee 10,500 (RMS Ampere)? Seconds 
Critical Rate-of-Rise of On-State Current, Non-Repetitive.. 2.2... 6 0. ees 800 A/us t 
Critical Rate-of-Rise of On-State Current, Repetitive... 2.0... 0 ee ee ees 500 A/us + 
Average Gate Power Dissipation, Pg(av).--- ee ee ttt tt tee eee 2 Watts 
Storage Temperature, Typg 6. eee ne ee eee et ee eee -40°C to +150°C 
Operating Temperature, Ty... 00 ee nent een eee eee 40°C to +125°C 
Mounting: Force: a. 2. 6 saree ee ehcde Re EN ent he eek ieee ree Aw ee ae he be Ee Set eos 800 Lbs. + 10% 

3.56 KN + 10% 


+di/dt ratings established in accordance with EIA-NEMA Standard RS-397, Section 5.2.2.6 for conditions of max. rated VDRM: 20 volts, 
20 ohms gate trigger source with 0.5yus short circuit trigger current rise time. 


CHARACTERISTICS 
TY UNITS 


mA Ty = +25°C, Vprm = VrrM = 


TEST SYMBOL 


Repetitive Peak Reverse IRRM 
and Off-State Current and 
IprRM 
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C358PA 
C358PB 


Thermal Resistance 


Critical Rate-of-Rise of 
Off-State Voltage (Higher 
values may cause device 
swit ching) 


12 
12 


> 


135 


15 


°C/Watt | Junction-to-Case — Double-Side Cooled 
Junction-to-Case — Single-Side Cooled 

Ty = +125°C, Gate Open. Vprm = Rated 
Linear or Exponential Rising Waveform. 


Exponential dv/dt = YoRM (.632) 


pees 
fade 
fae 


Higher minimum dv/dt selections available — consult factory. 
Initial On-State Current = 2 Amps. 

mAdc | Tc = +25°C, Vp = 6Vdc, Ry = 3 Ohms 
Tc = -40°C, Vp = 6 Vdc, Ry = 3 Ohms 
Tce = +125°C, Vp = 6 Vdc, Ry = 3 Ohms 
Tc =-40°C to 0°C, Vp = 6 Vdc, Ry = 3 Ohms 
Tc =0°C to +125°C, Vp =6 Vde, Ry = 3 Ohms 
Tc = 125°C, Vprm, Ry, = 1000 Ohms 


3.5 Volts | To = +25°C, Ipy = 500 Amps. Peak. 
Duty Cycle < .01%. 


V/psec 


Vdc 


Lae) — Ww — 
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CHARACTERISTICS (continued) 
a Ge bal TEST CONDITION 
sec 
(3) Vr = 50 Volts Min. 


tg 0.5 Tc = +25°C, I7 = 50 Adc, Vprm, Gate 
usec max. rise time. ff, ttt 
(4) Vprm (Reapplied) 


Supply: 20 volt open circuit, 20 ohm, 0.1 
tg usec 
25 40 
(5) Rate-of-Rise of Reapplied Off-State 
(6) Commutation di/dt = § Amps/psec. 
tq + 


Voltage = 200 V/usec (Linear) 
(7) Repetition Rate = 1 pps. 
psec 


Turn-On Delay Time 


Conventional Circuit 
Commutated Turn-Off 
Time (with Reverse 
Voltage) 


Faster Maximum Turn- 
Off Times Available, 
Consult Factory 


G) Te = +125°C 
(2) Ipm = 150 Amps. 


(8) Gate bias during turn-off interval = 
0 volts, 100 ohms 


To = +125°C 

(2) Ipm = 150 Amps. 

(3) Vp = 1 Volt 

(4) Vpro (Reapplied) 

(5) Rate-of-Rise of Reapplied Off-State 
Voltage = 200 V/psec (Linear). 

(6) Commutation di/dt = 5 Amps/psec. 

(7) Repetition Rate = 1 pps. 

(8) Gate bias during turn-off interval = 

0 volts, 100 ohms 


Conventional! Circuit 
Commutated Turn-Off 
Time (with Feedback 

Diode) 


(diode) 


+Consult factory for specified maximum turn-off time. 
ne time may increase significantly as the gate drive approaches the IGT of the device undet test (D.U.T.). 
+};7Current risetime as measured with a current probe, or voltage risetime across a non-inductive resistor. 
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1. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. PULSE WIDTH (Te = 65°C) 
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SINE WAVE CURRENT RATING DATA 
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PEAK ON- STATE CURRENT~ AMPERES 
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2. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. PULSE WIDTH (Tc = 90°C) 
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pice WIDTH-MICROSECONDS 
3. ENERGY PER PULSE FOR SINUSOIDAL PULSES 


NOTES: 
(Pertaining to Sine and Rectangular Wave Current Ratings) 


1. Switching voltage = 800 volts. 5. R-C Snubber ckt. = .2uF, 52. 
2, Maximum ckt, dv/dt = 200 volts/psec. 6. Double-Side Cooled, 
3, Reverse voltage applied = 50V < Vm < 800 volts. 7. Max. energy dissipated during reverse recovery to be 
4, Required gate drive: 15% of total W-S/P shown in chart 5 or 0.03 W-S/P 
20 volts, 65 ohms, tusec rise time for less than 100 whichever is least. 
amps/usec. 8. Values of W-S/P are for Tj = 125°C, 


20 voits, 20 chms, .S5usec rise time for greater than 
100 amps/psec, 
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TRAPEZOIDAL WAVE CURRENT RATING DATA 


DUTY CYCLE — 50% DUTY CYCLE — 25% 
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4. MAXIMUM ALLOWABLE PEAK ON-STATE 6. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. di/dt (Tce = 65°C) CURRENT VS. di/dt (Te = 65°C) 
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5. MAXIMUM ALLOWABLE PEAK ON-STATE 7. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. di/dt (Te = 90°C) CURRENT VS. di/dt (Te = 90°C) 
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PEAK ON- STATE CURRENT (AMRERES) 


WATT-SECOND PER PULSE 
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8. ENERGY PER PULSE VS. PEAK CURRENT 
AND PULSE WIDTH (di/dt = 100 A/usec) 
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10. ENERGY PER PULSE VS. PEAK CURRENT 
AND PULSE WIDTH (di/dt = 5 A/usec} 
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INSTANTANEOUS ON-STATE CURRENT-AMPERES 


PEAK HALF SINE WAVE 


i 
0 J 2 3 4 5 6 7 8 9 10 
INSTANTANEOUS ON-STATE VOLTAGE -VOLTS 


11. MAXIMUM ON-STATE CHARACTERISTICS 
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15. TYPICAL RECOVERED CHARGE (125°C) 
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12. GATE TRIGGER CHARACTERISTICS AND 
POWER RATINGS 
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14. SUB-CYCLE SURGE (NON-REPETITIVE) 
ON-STATE CURRENT AND I’t RATING 
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16. TYPICAL RECOVERED CHARGE (25°C) 
SINE WAVE CURRENT WAVEFORM 
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ACCEPTS AMP. 
TERMINAL # 60598-| 
OR EQUIVALENT 


TRANSIENT THERMAL IMPEDANCE 


°C PER WATT 


Ol 


001 Ol ! ) 10 100 


TIME - SECONDS 
17. TRANSIENT THERMAL IMPEDANCE — 
JUNCTION-TO-CASE 


OUTLINE DRAWING 


TABLE OF DIMENSIONS 
Conversion Table 


DECIMAL INCHES | __ METRIC MM 
SYM] MIN] MAX. | MIN. | MAX. | 


socee see 
| B | .030 .O6O .762 

40.64 | 42.06 
| to | 6 2.794] 
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HIGH SPEED 
Silicon Controlled Rectifier €364/0365 


600 Volts 275 A RMS 


AMPLIFYING GATE 


The General Electric C364 and C365 Silicon Controlled Rectifiers are de- 
signed for power switching at high frequencies. These are all-diffused Press- 
Pak devices employing the field-proven amplifying gate. 


FEATURES: 

Fully characterized for operation in inverter and chopper applications. 
High di/dt ratings. 

High dv/dt capability with selections available. 

Rugged hermetic glazed ceramic package. 


MAXIMUM ALLOWABLE RATINGS 


REPETITIVE PEAK OFF-STATE | REPETITIVE PEAK REVERSE NON-REPETITIVE PEAK 
VOLTAGE, Vporm! VOLTAGE, Varm! REVERSE VOLTAGE, Vasm! 
Ty = -40°C to +125°C Ty = -40°C to +125°C Ty = +125°C 


C364/C365A 100 Volts 100 Volts 200 Volts 
C364/C365B 200 200 300 
C364/C365C 300 300 400 


C364/C365D 400 400 500 
C364/C365E 500 500 600 
C364/C365M 600 600 720 
C3658 700 700 840 
C365N 800 800 960 


1 Half sinewave waveform, 10 ms max. pulse width. 


RMS On-State Current, It@AaMs)- ++ -- eee ee eee 275 Amperes 
Peak One Cycle Surge (Non-Repetitive) On-State Current, Ipgy (60 Hz) .......... 0.0.00. eee eee 1800 Amperes 
Peak One Cycle Surge (Non-Repetitive) On-State Current, Ipgy (50 Hz)... 2... ee ee ee ee 1700 Amperes 
I*t (for fusing) for times > 1.5 milliseconds .... 2... ee ees 9,500 (RMS Ampere)? Seconds 
I*t (for fusing) for times > 8.3 milliseconds ... 2... 0.000 eee eee 13,500 (RMS Ampere)” Seconds 
Critical Rate-of-Rise of On-State Current, Non-Repetitive ©... 2... . ce ee ee eee 800 A/ps t 
Critical Rate-of-Rise of On-State Current, Repetitive... 2... cee eee eee 500 A/us f 
Average Gate Power Dissipation, Pg(ay) oe eee tenes 2 Watts 
Siotdae Temperate Cig ate li sicewn a 4 eee. Baca ascend ea gains eine en's Be ERE BETA -40°C to +150°C 
Operating Temperature, Ty 0... ee tenet e een ene e eee -40°C to +125°C 
Mounting Force Required... 1... 6. ee ee tne eee ete e nett e eee eneee 800 Lbs. + 10% 


3.56 KN + 10% 


+di/dt ratings established in accordance with EIA-NEMA Standard RS-397, Section 5.2.2.6 for conditions of max. rated VpRM; 20 volts, 
20 ohms gate trigger source with 0.5 ws short circuit trigger current rise time. 
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C364/C365 


CHARACTERISTICS 
eee aR CL a 


Repetitive Peak Reverse IRRM 12 
and Off-State Current and 
IprRM 
IRRM 
and 
IpRM SPP 


Thermal Resistance Reic Pee hf 8S ee ee Junction-to-Case (Double-Side Cooled) 
ae | ; 26 | Junction-to-Case (Single-Side Cooled) 


Critical Rate-of-Rise of = +125°C, Gate Open. Vprm = Rated 
Off-State Voltage oe or Exponential Rising Waveform, 


Sierras Eauee, Exponential dv/dt = Vprm (.632)/7 


TEST CONDITION 


Repetitive Peak Reverse 
and Off-State Current 


Tc = +25°C, Anode Supply = 24 Vdc. 
Initial On-State Current = 2 Amps. 


Tc = -40°C, Vp = 6 Vdc, Ry = 3 Ohms 
Te = +125°C, Vp = 6 Vdc, Ry = 3 Ohms 


Tc = -40°C to 0°C, Vp = 6 Vdc, 
= = 3 Ohms 


= 0°C to +125°C, Vp = 6 Vdc, 
Re = 3 Ohms 


“ = 125°C, VpRM> R, = 1000 Ohms 


= +25°C, lpm = 500 Amps. Peak 
De Cycle < .01% 


To = +25°C, Iy = 50 Adc, Vprm, Gate 
Supply: 20 Volt Open Circuit, 20 Ohm, 
0.1 usec max. rise time. f+, ttt 


Te = +125°C 

(2) Itm = 150 Amps. 

(3) Vr = 50 Volts Min. 

(4) Vprm (Reapplied) 

(5) Rate-of-Rise of Reapplied Off-State 
Voltage = 200 V/usec (linear) 

(6) Commutation di/dt = 5 Amps/usec. 

(7) Repetition Rate = 1 pps. 

(8) Gate Bias During Turn-Off Interval = 

0 Volts, 100 Ohms 


Tc = +125°C 

(2) Ipy = 150 Amps. 

(3) Va = 1 Volt 

(4) Vprm (Reapplied) 

(5) Rate-of-Rise of Reapplied Forward 
Blocking Voltage = 200 V/usec (linear) 

(6) Commutation di/dt = 5 Amps/ysec 

(7) Repetition Rate = 1 pss. 

(8) Gate Bias During Turn-Off Interval = 

0 Volts, 100 Ohms. 


Conventional Circuit 
Commutated Turn-Off 
Time (with Reverse 
Voltage) 


Faster Maximum Turn- 
Off Times Available, 
Consult Factory 


Conventional Circuit 
Commutated Turn-Off 
Time (with Feedback 
Diode) 


tg (diode) 


C364 
C365 


Consult factory for specified maximum Turn-Off Time. 
+{Delay time may increase significantly as the gate drive approaches the IG of the Device Under Test. 
tt {Current risetime as measured with a current probe, or voltage risetime across a non-inductive resistor. 
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C364/C365 


5000 


1000 


100 


bh WANDWOD 


INSTANTANEOUS GATE VOLTAGE (VOLTS) 


INSTANTANEOUS ON-STATE CURRENT ~ AMPERES 


i.) “—16 2 ae te 20730 40 axtdohas 
INSTANTANEOUS ON-STATE VOLTAGE -VOLTS INSTANTANEOUS GATE CURRENT (AMPS) 
1. MAXIMUM ON-STATE CHARACTERISTICS 2. GATE TRIGGER CHARACTERISTICS AND 


POWER RATINGS 


SINE WAVE CURRENT RATING DATA 


PEAK ON-STATE CURRENT (AMPS) 


10 20 «630 40 S060 80 100 200 300 400 600 800 1000 §=— 2000 3000 4000 8000 10,000 
PULSE BASE WIDTH-MICROSECONDS 


3. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. PULSE WIDTH (Tc = 65°C) 


PEAK ON-STATE CURRENT (AMPS) 


10 20 30 40 60 80 100 200 300 400 600 800 1000 «=. 2000 3000S 6000: 10,000 
PULSE BASE WIDTH-MICROSECONDS 


4. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. PULSE WIDTH (Tc = 90°C) 
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Tarr we 


PEAK ON-STATE CURRENT - AMPERES 


PEAK ON-STATE CURRENT-AMPERES 


20 30 40 60 80 100 200 300400 600 8001000 2000 4000 6000 | 
PULSE BASE WIDTH-MICROSECONDS 
5. ENERGY PER PULSE FOR SINUSOIDAL PULSES 


000 


5 


C364/C365 
NOTES: 


(Pertaining to Sine and Rectangular Wave Current Ratings) 
1. Switching voltage = 400 volts. 
2. Reverse voltage applied = VR < 600 volts. 
3. Required gate drive: 
20 volts, 65 ohms, 1 usec risetime for less than 100 
amps/usec. 
20 volts, 20 ohms, .5 usec risetime for greater than 
100 amps/usec. 
RC Snubber ckt. = 0.25 uf, 52. 
Double-Side Cooled. 
Maximum energy dissipated during reverse recovery 
to be 15% of total W-S/P shown in W-S/P chart or 
0.03 W-S/P, whichever is least. 
7. Values of W-S/P are for Tj = 125°C. 


OaP, 


RECTANGULAR WAVE CURRENT RATING DATA 


DUTY CYCLE — 50% 


— 
ae 
| 
fa 
EB 
_ 
= 
a 
WI 


meetin 


RATE OF RISE OF ON-STATE CURRENT- AMPERES 
PER MICROSECONDS 


6. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. di/dt (Te = 65°C) 


it 
RATE oF ‘RISE OF ON-STATE CURRENT-AMPERES 
PER MICROSECONDS 


7. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. di/dt (Tc = 90°C) 
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PEAK ON-STATE CURRENT - AMPERES 


reAK ON-STATE CURRENT-AMPERES 


DUTY CYCLE — 25% 


|| | PULSES PER SECOND 


RATE oF aiBe OF ON-STATE CURRENT-AMPERES 
PER MICROSECONDS 
8. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. di/dt (Tc = 65°C) 


RATE OF RISE OF ON-STATE CURRENT-AMPE 


RES 
PER MICROSECONDS 


9. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. di/dt (Tc = 90°C) 


C364/C365 


PEAK ON-STATE CURRENT (AMPERES} 


PEAK ON-STATE CURRENT (AMPERES) 


PEAK ON-STATE CURRENT (AMPERES} 


WATT-SECOND PER PULSE 


PULSE BASE WIDTH-MICROSECONDS 


PULSE BASE WIDTH-MICROSECONDS 


ame eer ae 


PULSE BASE WIDTH-MICROSECONDS 
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10. ENERGY PER PULSE VS. PEAK CURRENT 
AND PULSE WIDTH (di/dt = 100 A/jsec) 


11. ENERGY PER PULSE VS. PEAK CURRENT 
AND PULSE WIDTH (di/dt = 25 A/usec) 


12. ENERGY PER PULSE VS. PEAK CURRENT 
AND PULSE WIDTH (di/dt = 5 A/usec) 


—F 20,000 7 i: + r I HH T T | C364/C365 
oO a 
i 15,000 . +—} 4 1. eal ali {tity L4H 
f 
lad 
. Q {1} 44 
a = 10,000 a tt dl z 
~ if { | Pa) 
2 8,000 a =a ee f it i 
a 4 4 al Ss 
~ [ all 
6,000 he } a | z 4. i au 
} { i “t, sf Bt 4 =F 
INITIAL Ty = -40°C TO +125°C wi I 
we 4,000 4 + ++ —+ +t ze 
w Pas rf EO 
GE 3,000 + BS 
= re a r % 
455 2,000 4 
eu FE 
iy & + + + ~—F 
z 
BS 
4 4 | mal oe oe | 
HOR? 15 2 3 4 6 8 10 a 


! 10 100 


A 
PULSE BASE WIDTH - MILLISECONDS TIME - SECONDS 


13. SUB-CYCLE SURGE (NON-REPETITIVE) 


14. TRANSIENT THERMAL IMPEDANCE — 
ON-STATE CURRENT AND I’?t RATING 


JUNCTION-TO-CASE 


OUTLINE DRAWING 


TABLE OF DIMENSIONS 


Conversion Table 


ee DECIMAL INCHES METRIC MM 
SYM| MIN] [| MAX. | 


R-DIA. 
S-DEEP 


ACCEPTS AMP. A B 
TERMINAL # 60598-I TYP. 
OR EQUIVALENT 


H - STRAIGHT LEAD LENGTH, TYP. 2 LEADS 
T —-SURFACE CREEPAGE 
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High Power 


Siicn = [aan 
Controlled Rectifier 
1300 VOLTS 400A RMS sunuerne cae ZF 


The General Electric C380 Silicon Controlled Rectifier is designed for phase 
control applications. This is an all-diffused Press-Pak device, employing 
the field-proven amplifying gate. 


FEATURES: 


High di/dt Ratings 

High dv/dt Capability with Selections Available 

Excellent Surge and I?t Ratings Providing Easy Fusing 
Guaranteed Maximum Turn-Off Time with Selections Available 
Rugged Hermetic Glazed Ceramic Package 


MAXIMUM ALLOWABLE RATINGS 


REPETITIVE PEAK OFF-STATE | REPETITIVE PEAK REVERSE NON-REPETITIVE PEAK 
VOLTAGE, Vorm! VOLTAGE, Varn! REVERSE VOLTAGE, Vasu! 
Ty = -40°C to +125°C Ty = -40°C to +125°C Ty = +125°C 


C380A 100 Volts 100 Volts 200 Volts 
C380B 200 300 
C380C 300 400 
C380D 400 500 
C380E 500 600 
C380M 600 720 
C3808 700 840 
C380N 800 950 
C380T 900 1075 
C380P 1200 
C380PA 1325 
C380PB 1450 
C380PC 1550 


1 Yaif sinewave waveform, 10 msec max. pulse width. 


Average On-State Current, Ip(qyy.-- ee ee eee es Depends on Conduction Angle. (See Charts 1 and 3) 
Peak One-Cycle Surge (Non-Repetitive) On-State Current, Ipgy (60 Hz) .... 0.0... cee eee eee 3500 Amperes 
Peak One-Cycle Surge (Non-Repetitive) On-State Current, Ipgy (50 Hz)... 0... ee ee eet 3200 Amperes 
Critical Rate-of-Rise of On-State Current (Non-Repetitive)* 6.0... eee eee 800 A/us 
Critical Rate-of-Rise of On-State Current (Repetitive)* . 2... 0... ce cee eee teens 500 A/us 
I’t (for fusing) (for times > 1.5 milliseconds),......... 0000. e cece eee eee eee 32,000 (RMS Ampere)? Seconds 
I’t (for fusing) (at 8.3 milliseconds)... 2.0.0... 0c eee ene 50,000 (RMS Ampere)? Seconds 
Peak Gate Power Dissipation, Pay... ee ee ee ee ee eee 10 Watts 
Average Gate Power Dissipation, Pgcay) .-- 2... ee er ee eee e nee 2 Watts 
Storage “Temperatures Tig tees be cue sead Reha wd $s Ce ae Owe tas ee at -40°C to +150°C 
Operating Temperature, Ty... eee en eet eee nett eee eens -40°C to +125°C 
Mounting Force Required... ee eee eee een ee eee eee 800 Lbs. + 10% 


3.56 KN + 10% 


*di/dt ratings established in accordance with EIA-NEMA Standard RS-397, Section 5.2.2.6 for conditions of VpRm stated above; 20 volts, 
20 ohms gate trigger source with 0.5 usec short circuit trigger current rise time, 
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NN eT 
yp. | MAX. [| UNITS | 


[TESTS SYMBOL | [TESTS SYMBOL | 


Repetitive Peak Reverse IpRM 
and Off-State Current and Irrm 

C380A 

C380B 

C380C 

C380D 

C380E 

C380M 

| i380S 

—— 

| __Cs#0N__ 

C380P 

C380PA 

| C380PB 

| ee 
Repetitive pn Reverse IpRM 
and Off-State Current and aut 

C380A 

C380B 

C380C 

C380D 

C380E 

C380M 

C3808 

C380N 

C380T 

C380P 

C380PA 

C380PB 

C380PC 


Thermal Resistance 0.19 | °C/Watt 
0.095 


Critical Rate-of-Rise of dv/dt V/psec 

Off-State Voltage. (Higher 

values may cause device 

switching.) 

Higher minimum dv/dt selection available — consult factory. 
Holding Current 100 mAdc Tc = +25°C, Anode Supply = 24 Vdc. 
Initial On-State Current = 2.5 Amps. 
Turn-On Delay Time Usec Tc = +25°C, Ip = 100 Adc, Vprm = Rated 
Gate Supply: 10 Volt Open Circuit, 25 
a 0.1 usec max. rise time. 

DC Gate Trigger Current | -— | 10 | mAdc +25°C, Vp = 6 Vdc, Ry = 3 Ohms 
| — | 20 | -40°C, Vp = 6 Vdc, Ry = 3 Ohms 
Fecal Be 125 ia = +125°C, Vp = 6 Vdc, Ry = 3 Ohms 

1,25 To = -40°C to +125°C, Vp = 6 Vdc, 
Ry = 3 Ohms 
AIC Tc = +125°C, Vp = 6 Vde, Ry = 3 Ohms 
Peak On-State Voltage Volts | To = +25°C, Ipy = 1500 Amps Peak. 
Duty Cycle < 0.01%. 


Circuit Commutated Lsec (1) Te = +120°C, (2) Ipm = 250 Amps 
Turn-Off Time (3) Vr =50 Volts Min. 
(4) VpRM (Reapplied) 
(5) Rate-of-Rise of Reapplied Off-State 
Voltage = 20Volts/usec (Linear) 
(6) Gate Bias During Turn-Off Interval = 0 
Volts, 100 Ohms. Duty Cycle < 0.01%. 


*Consult factory for maximum tg specifications. 


+ 
a] 


Ty = 25°C 
VprMm = VRRM = 


Ty = 125°C 
VprM = VrrM = 


Nit 
o;1o 


ee eee ee ee od 
MIL arpa] n|n 


— NL NN] wl] y| tv 


Junction-to-Case (Single-Side Cooling) 


tot | ree | ee 
NOL ata 


Junction-to-Case (Double-Side Cooling) 


Ty = 125°C. Gate Open Circuited. Vpru = 
Rated, Using Linear or Exponential Rising 
Waveform. Vv 

oes 
Exponential dv/dt = 


= (.632) 


wv 
i=) 
oO 


wn 


~ 
f=) 


N 
f=) 
o 


DC Gate Trigger Voltage 


MAXIMUM ALLOWABLE CASE TEMPERATURE-°C 


MAXIMUM ALLOWABLE CASE. TEMPERATURE-°C 


AVERAGE ON-STATE POWER DISSIPATION- WATTS 


SINGLE - SIDE 
COOLING 
50 TO 400H, 


ie} 
0 20 40 60 80 100 120 140 160 180 200 220 240 


AVERAGE ON-STATE CURRENT- AMPERES 


1. MAXIMUM ALLOWABLE CASE TEMPERATURE 
FOR SINUSOIDAL CURRENT WAVEFORM 


fe) 50 Lele) 150 200 250 300 350 
AVERAGE ON- STATE CURRENT- AMPERES 


3. MAXIMUM ALLOWABLE CASE TEMPERATURE 


FOR SINUSOIDAL CURRENT WAVEFORM 


0 100 200 300 
AVERAGE ON-STATE CURRENT- AMPERES 


5. MAXIMUM ON-STATE POWER DISSIPATION 
FOR SINUSOIDAL CURRENT WAVEFORM 


SINGLE- SIDE 
COOLING 
50 TO 400 


MAXIMUM ALLOWABLE CASE TEMPERATURE -°C 


60 80 100 120 
AVERAGE ON-STATE CURRENT- AMPERES 


2. MAXIMUM ALLOWABLE CASE TEMPERATURE 
FOR RECTANGULAR CURRENT WAVEFORM 


~~ 


MAXIMUM ALLOWABLE CASE TEMPERATURE- °C 


100! .¢puTY CYCLE 


300 350 400 


0 100 150 200 250 
AVERAGE ON-STATE CURRENT ~ AMPERES 

4. MAXIMUM ALLOWABLE CASE TEMPERATURE 

FOR RECTANGULAR CURRENT WAVEFORM 


JAA | | 
| TALLY 
| | VAL 


AVERAGE ON-STATE POWER DISSIPATION - WATTS 


ce) 40 80 120 160 200 240 
AVERAGE ON-STATE CURRENT- AMPERES 


6. MAXIMUM ON-STATE POWER DISSIPATION FOR 
RECTANGULAR CURRENT WAVEFORM 


AVERAGE ON-STATE POWER DISSIPATION-WATTS 


INSTANTANEOUS GATE VOLTAGE- VOLTS 


800 


ie) 


1?) aa) 300 400 500 600 


AVERAGE ON-STATE CURRENT -AMPERES 
7. MAXIMUM ON-STATE POWER DISSIPATION 
FOR SINUSOIDAL CURRENT WAVEFORM 
(EXTENDED RANGE) 


1, 100 — 
ages =a 
60 {| — 
$* pf 
gato _—+—T_| | 
Eo 
go 
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g aa 

= || 

ite) 
° 
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3 
PULSE WIDTH MILLISECONDS 


SUB-CYCLE SURGE (NON-REPETITIVE) 
ON-STATE CURRENT 
FOLLOWING RATED LOAD CONDITIONS 


\, MAXIMUM ALLOW= 
ABLE GATE POWER 
DISSIPATION®= 20. 
WATTS. 


|| 
2. THE LOCUS OF 
POSSIBLE OC 


TURES 
HNP eowaon is mink 


mum gate source ——= P. 
joad fine at di/dty100 «= GATE_ CURRENT 
amp/ps Tp*5ys mm, PULSE WIDTH. 
O.5us mox. rise time. | | 
20V,652. is minimum gle source load line at 
difatsioo amp/us TeSys min.,LOgs max. rise 


TH 
a 


O12 4 6810 2 4 6810 20 40 6080100 
INSTANTANEOUS GATE CURRENT- AMPERES 
11. GATE TRIGGER CHARACTERISTICS 


AND POWER RATINGS 
915 


AVERAGE ON-STATE POWER DISSIPATION-WATTS 


100 200 300 
AVERAGE ON-STATE CURRENT~ AMPERES 


8 MAXIMUM ON-STATE POWER DISSIPATION FOR 
RECTANGULAR CURRENT WAVEFORM 
(EXTENDED RANGE) 


PEAK HALF SINE~ WAVE ON-STATE CURRENT- AMPS 


40 60 80100 


NUMBER OF CYCLES AT 60 Hz 
MAXIMUM ALLOWABLE SURGE (NON- 
REPETITIVE) ON-STATE CURRENT RATING 


10. 


NOTES: 
1. Maximum allowable gate power dissipation = 2 watts. 
2. The locus of possible DC trigger points lie outside 
the boundaries shown at various case temperatures. 


3. Tp = Rectangular Gate Current Pulse Width. 


TRANSIENT THERMAL IMPEDANCE (°C/W) 
° 
@: 


! 2 3 4 008 ‘lool = 005 0 02 05 12S Ct C2 OS 20 «850 100 
INSTANTANEOUS ON-STATE VOLTAGE - VOLTS .006 TIME (SEC) 
12, MAXIMUM ON-STATE CHARACTERISTICS 004 13. TRANSIENT THERMAL IMPEDANCE — 
Boo JUNCTION-TO-CASE 


RECOVERED CHARGE -Qp pec) #COULOMBS 


' 2 5 10 20 50 100 200 500 i000 
REVERSE di/dt (AMPERES /p Sec) 


14. MAXIMUM RECOVERED CHARGE 
(SINUSOIDAL WAVEFORM) 


OUTLINE DRAWING 
R-DIA. 
S$ -DEEP 


TABLE OF DIMENSIONS 
Conversion Table 


DECIMAL INCHES METRIC MM 


ACCEPTS AMP. 
TERMINAL #60598 -1 TYP, t T 


OR SEQUIN ALENT: ul .isé [ i189 4.724] 4.801 
H - STRAIGHT LEAD LENGTH, TYP. 2 LEADS 


T -SURFACE CREEPAGE FOR MOUNTING HARDWARE SEE SELECTOR GUIDE 


High Power 


Silicon C380X500 


Controlled Rectifier 
800 Voits 500A RMS AMPLIFYING GATE PG 


The General Electric C380X500 Silicon Controlled Rectifier is designed 
specifically for low voltage phase control applications; e.g., welding, battery 
charging, etc. The SCR has very low power dissipation thereby giving high 
current capability on free convection, air-cooled heatsinks. 


FEATURES: 


Low On-State Voltage 

Excellent Surge and I?t Ratings Providing Easy Fusing 
High di/dt Ratings 

High dv/dt Capability with Selections Available 
Rugged Hermetic Glazed Ceramic Package 


MAXIMUM ALLOWABLE RATINGS 


REPETITIVE PEAK OFF-STATE | REPETITIVE PEAK REVERSE NON-REPETITIVE PEAK 
TYPE VOLTAGE, Vorm! VOLTAGE, Varo! REVERSE VOLTAGE, Vasu ! 
Ty = -40°C to +125°C Ty = -40°C to +125°C 


C380AX500 100 Volts 100 Volts 200 Volts 
C380BX500 
C380CX500 


C380DX500 
C380EX500 


C380MX500 
C380SX500 
C380NX500 


1 Half sinewave waveform, 10 msec max., pulse width. 


Average On-State Current, Iq(qy).-- 2 ee ee eee Depends on Conduction Angle (See Charts 1 and 2) 
Peak One-Cycle Surge (Non-Repetitive) On-State Current, Ipgy (60 Hz)... 2. ee 5500 Amperes 
Peak One-Cycle Surge (Non-Repetitive) On-State Current, Ipgyy (50 Hz)... 2.0 ee ee eee S000 Amperes 
Critical Rate-of-Rise of On-State Current (Non-Repetitive).. 0.0.20... ce ee ee ee ene 800 A/ps fT 
Critical Rate-of-Rise of On-State Current (Repetitive)... 0.0... ee ee ete ee eae 500 A/ys T 
I*t (for fusing) (for times > 1.5 milliseconds) ............200 00 ce eee eee 75,000 (RMS Ampere)* Seconds 
I*t (for fusing) (at 8.3 milliseconds) .. 2.0.0... 00.0 ccc eee te teens 125,000 (RMS Ampere)? Seconds 
Peak Gate Power Dissipation, PgM... 6... eee ee ee te eee eee ee ee een 10 Watts 
Average Gate Power Dissipation, Pg(ay).- re ee erent teens 2 Watts 
Storape*Tempetatures Vite out is Ooo ae ash lecansal Cavtuce bel ay bios wllgia ae eh aee ioe Becee ea -40°C to +150°C 
Operating Temperature, Ty... 2... ee ee ee ee ee eee eee ee eee eens -40°C to +125°C 
Mounting Force Required... 2... ee ee eee nee ee ete eee 800 Lbs. + 10% 

3.56 KN + 10% 


*di/dt ratings established in accordance with ELA-NEMA Standard RS-397, Section 5.2.2.6 for conditions of Vppm stated above; 20 volts, 
20 ohms gate trigger source with 0.5 usec short circuit trigger current rise time. 
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C380X500 


CHARACTERISTICS 


Ee Ma a 


Repetitive Peak Reverse 
and Off-State Current 


C380AX500 100 Volts Peak 
C380BX500 200 
C380CX500 300 
C380DX500 400 
C380EX500 500 
C380MX500 600 


700 
800 


C3808X500 
C380NX500 


Repetitive Peak Reverse Iprm 
and Off-State Current 


Ty = 125°C 
Vprm = Vrrm = 


C380AX500 IRRM 15 100 Volts Peak 
C380BX500 15 

C380CX500 15 

C380DX500 15 

C380EX500 eo 

C380MX500 


C380SX500 =a 
C380NX500 15 

Thermal Resistance Resc 0.19 C/Watt 
ee ess aa 


Critical Rate-of-Rise of dv/dt V/usec 
Off-State Voltage. (High- 

er values may cause 

device switching.) 


Higher minimum dv/dt selections available — consult factory. 
Tc = +25°C, Anode Supply = 24 Vdc, 
Initial On-State Current = 2.5 Amps. 


Tc = +25°C, I7 = 100 Adc, Vprm = Rated 
Gate Supply: 10 Volt Open Circuit, 25 Ohms, 
0.1 usec max. rise time. 


+25°C, Vp = 6 Vdc, Ry, = 3 Ohms 
-40°C, Vp = 6 Vdc, Ry = 3 Ohms 
= +125°C, Vp = 6 Vdc, Ry = 3 Ohms 


Tc = -40°C to +125°C, Vp = 6 Vdc, 
R, = 3 Ohms 


Junction-to-Case (Single-Side Cooling) 


Junction-to-Case (Double-Side Cooling) 


Ty = 125°C. Gate Open Circuited. Vpgmy = 
Rated, Using Linear or Exponential Rising 
Waveform. V 
Exponential dv/dt = PR = (.632) 

‘s 


DC Gate Trigger Current 


lar) 
Qt 
tl 


DC Gate Trigger Voltage 


. “Ee . 


Peak On-State Voltage Volts | To =+125°C, Ipm = 1500 Amps. Peak. 
Duty Cycle < 0.01%. 


Circuit Commutated usec To = +120°C 
Turn-Off Time 


(2) Ipm = 250 Amps. 
*Consult factory for maximum tq specifications. 


(3) Vp = 50 Volts Min. 

(4) Vprm (Reapplied) 

(5)  Rate-of-Rise of Reapplied Off-State 
Voltage = 20 Volts/usec (Linear) 

(6) Gate Bias During Turn-Off Interval = 0 
Volts, 100 Ohms. Duty Cycle < 0.01%. 
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4. MAXIMUM ON-STATE POWER DISSIPATION 
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2. MAXIMUM ALLOWABLE CASE TEMPERATURE 
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* NSTANTANEOUS ON-STATE VOLTAGE -VOLTS 
5. MAXIMUM ON-STATE CHARACTERISTICS 


FOR RECTANGULAR CURRENT WAVEFORM 


FOR RECTANGULAR CURRENT WAVEFORM 
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3. MAXIMUM ON-STATE POWER DISSIPATION 
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C380X500 


INSTANTANEOUS GATE VOLTAGE~ VOLTS 


(oF) 2 4 6 BLO 2. 4 6 4810 20 
INSTANTANEOUS GATE CURRENT- AMPERES 


|. MAXIMUM ALLOW. 
ABLE GATE POWER 


amp/us Tp*5us min, PULSE WIDTH. 

OSs max. rise time. 

20,652 is minimum] gate source load line at 3. Tp 
neiZat<1oo omp/us Tp* Sys min.,l.Opes max. rise 


40 60 80 100 


7 IN 
AHH NOTES: . 
socal 3, Tp" RECTANGULAR 1. Maximum allowable gate power dissipation = 2 watts. 
foad line of di/th 9100 GATE CURRENT 2. The locus of possible DC trigger points lie outside 


the boundaries shown at various case temperatures. 


= Rectangular Gate Current Pulse Width. 


6. GATE TRIGGER CHARACTERISTICS 


AND POWER RATING 
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7. SUB-CYCLE SURGE (NON-REPETITIVE) 


ON-STATE 


(O).., 


CATHODE 
RED 


i) 
/ 


SERMINAL #'60598-1 a rn 
OR EQUIVALENT The. 
H- STRAIGHT LEAD LENGTH, TYP. 2 LEADS 


T —-SURFACE CREEPAGE 


FOLLOWING RATED LOAD CONDITIONS 


OUTLINE DRAWING 


1/2" PRESS PAK PACKAGE 
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8. TRANSIENT THERMAL IMPEDANCE — 
JUNCTION-TO-CASE 


TABLE OF DIMENSIONS 
Conversion Table 


DECIMAL INCHES METRIC MM 


FOR MOUNTING HARDWARE SEE SELECTOR GUIDE 


HIGH SPEED 


Silicon Controlled Rectifier 


600 Volts 400A RMS 


The General Electric C384 and C385 Silicon Controlled Rectifiers are de- 
signed for power switching at high frequencies. These are all-diffused Press- 
Pak devices, employing the field-proven amplifying gate. 


FEATURES: 


Fully Characterized for Operation in Inverter and Chopper Applications. 
High di/dt Ratings. 

High dv/dt Capability with Selections Available. 

Rugged Hermetic Glazed Ceramic Package. 


MAXIMUM ALLOWABLE RATINGS 


REPETITIVE PEAK OFF-STATE | REPETITIVE PEAK REVERSE NON-REPETITIVE PEAK 
VOLTAGE, Voam! VOLTAGE, Varo! REVERSE VOLTAGE, Varm! 
T, = -40°C to +125°C Ty = -40°C to +125°C Ty = +125°C 


C384/C385A 100 Volts 100 Volts 200 Volts 
C384/C385B 
C384/C385C 


C384/C385D 

C384/C385E 

C384/C385M 
C3858 
C385N 


1 Half sinewave waveform, 10 ms max. pulse width. 


Peak One Cycle Surge (Non-Repetitive) On-State Current, Iggy (60 Hz)... 6-1 eee ee eee ee 3500 Amperes 
Peak One Cycle Surge (Non-Repetitive) On-State Current, Ipgy (SO Hz)... 66... eee ee ee eee 3200 Amperes 
I?t (for fusing) for times > 1.5 milliseconds .. 1... 0.6. eee eee 35,000 (RMS Ampere)? Seconds 
I?t (for fusing) for times > 8.3 milliseconds .. 2... 0... ee eee eee eee 50,000 (RMS Ampere)” Seconds 
Critical Rate-of-Rise of On-State Current, Non-Repetitivey. 0... 2... ee ee ee ee eee 800 A/pus 
Critical Rate-of-Rise of On-State Current, Repetitivet .. 2... ee eet eee 500 A/ys 
Average Gate Power Dissipation, Pg(ay)-- + - ttt e eens 2 Watts 
Storage: Tempetature, Type. oad coo cn od dW KGa AE LEA HEAR Ge Mee -40°C to +150°C 
Operating Temperature, Ty... 6. eee eee eee ee nent teen nena tee een eee -40°C to +125°C 
Mounting Force Required... 6... en ee teen eee eee tee 800 Lbs. + 10% 

3.56 KN + 10% 


+di/dt ratings established in accordance with EIA-NEMA Standard RS-397, Section 5.2.2.6 for conditions of max. rated VprM; 20 volts, 
20 ohms gate trigger source with 0.5us short circuit trigger current rise time. 
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C384/C385 


CHARACTERISTICS 


SYMBOL 


TEST CONDITIONS 
Ty = +25°C V= VprM = VRRM 


Repetitive Peak Reverse 
and Off-State Current 


IRRM 
and 


IpRM 


EE 
sl 
gE 

> 


Repetitive Peak Reverse lini 15 Ty = 125°C V = Vppm = Varo 
and Off-State Current and 
TpRM 
Thermal Resistance Resc | - [| - [ots] °C/Watt | Junction-to-Case — One-Side Cooled 
| = | — [0095 | Junction-to-Case — Double-Side Cooled 
Critical Rate-of-Rise of dv/dt 200 500 - Viusec | Ty = +125°C, Gate Open. VprMm = Rated 


Off-State Voltage (Higher 
values may cause device 
swit ching) 


linear or exponential rising waveform. 
. _ YDRM 
Exponential dv/dt = aes (.632) 


75 500 mAdc | Tc = +25°C, Anode Supply = 24 Vdc, 
Initial On-State Current = 2.5 Amps. 


mAdc | Te = +25°C, Vp = 6 Vde, Ry = 3 Ohms 
To = -40°C, Vp = 6 Vdc, Ry, = 3 Ohms 


To = +125°C, Vp = 6 Vdc, Ry = 3 Ohms 


Holding Current 


— 
E 


DC Gate Trigger Current Iotr 


DC Gate Trigger Voltage 


Peak On-State Voltage 


Turn-On Delay Time 


Vde | Tc =-40°C to 0°C, Vp = 6Vdc, Ry = 3 Ohms 


a 
| - | 30 | Tc =0°C to +125°C, Vp = 6 Vdc, Ry = 3 Ohms 
a 


Tc = +125°C, VpRM> Ry = 1000 Ohms 
c 


2.3. | 2.85 | Volts | To = +25°C, Ipy = 1500 Amps. Peak, 
Duty Cycle € .01% 


Tc = +25°C, I; = 50 Adc, Vprm, Gate 
Supply: 20 Volt-Open Circuit, 20 Ohm, 
0.1 usec. max. rise time. 


(1) Te = +125°C 

(2) Ipm = 250 Amps. 

(3) Vp = 50 Volts Min. 

(4) Vprm (Reapplied) 

(5) Rate-of-Rise of Reapplied Off-State 
Voltage = 200 V/sec (linear) 

(6) Commutation di/dt = 12.5 Amps/psec. 

(7) Duty Cycle < .01% 

(8) Gate Bias During Turn-Off Interval = 

0 Volts, 100 Ohms. 


Te = +125°C 

(2) Ipm = 250 Amps. 

(3) Vr = 1 Volt 

(4) Vprm (Reapplied) 

(5) Rate-of-Rise of Reapplied Off-State 
Voltage = 200 V/usec (linear) 

(6) Commutation di/dt = 12.5 Amps/usec 

(7) Duty Cycle < .01% 

(8) Gate Bias During Turn-Off Interval = 

0 Volts, 100 Ohms 
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Conventional Circuit 
Commutated Turn-Off 
Time (with Reverse 

Voltage) 


C385 15 


Conventional Circuit 
Commutated Turn-Off 
Time (with Feedback 

Diode) 


tq(diode) 


C385 
C384 


{Consult factory for maximum turn-off time. 
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SINE WAVE CURRENT RATING DATA 


DOUBLE-SIDE COOLING 
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PEAK ON-STATE CURRENT-AMPERES 
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1. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. PULSE WIDTH (Tg = 65°C) 
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200 


400 


600 800 1000 


2000 


PULSE BASE WIDTH-MICROSECONDS 


2. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. PULSE WIDTH (Tg = 90°C) 


NOTES: 
(Pertaining to Sine and Trapezoidal Wave Current Ratings) 


1. 
2. 
3. 


Switching voltage < 400 volts. 

RC Snubber — .22uf, 5 ohm. 

Max. energy dissipated during reverse recovery to be 
15% of total W-S/P shown or 0,03 W-S/P whichever 
is least. 

Values of W-S/P are for Ty = 125°C. 
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C384/C385 


3. ENERGY PER PULSE FOR SINUSOIDAL PULSES 


TRAPEZOIDAL WAVE CURRENT RATING DATA 


DUTY CYCLE — 25% 


DUTY CYCLE — 50% 


RATE OF RISE OF ON-STATE CURRENT 


OND 


IPULSES PER SE 
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AMPERES PER MICROSECOND 


RATE OF RISE OF ON-STATE CURRENT 


AMPERES PER MICROSECOND 


4. MAXIMUM ALLOWABLE PEAK ON-STATE 


6. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. di/dt (Te = 65°C) 


CURRENT VS. di/dt (Te = 65°C) 
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AMPERES PER MICROSECOND 


5. MAXIMUM ALLOWABLE PEAK ON-STATE 


AMPERES PER MICROSECOND 


7. MAXIMUM ALLOWABLE PEAK ON-STATE 


CURRENT VS. di/dt (Te = 90°C) 


CURRENT VS. di/dt (Te = 90°C) 
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C384/C385 


St 7 PULSE 
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di/dt = 100 AMPS/pSEC 
di/dt * 25 AMPS/pSFC 
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PULSE BASE WIDTH-MICROSECONOS 
8. ENERGY PER PULSE VS. PEAK CURRENT 
PULSE BASE WIDTH-MICROSECONOS 
9. ENERGY PER PULSE VS. PEAK CURRENT 
PULSE BASE WIDTH-MICROSECONDS 
10. ENERGY PER PULSE VS. PEAK CURRENT 


tt 13 eae eee 


AND PULSE WIDTH (di/dt = 5 A/usec.) 


AND PULSE WIDTH (di/dt = 100 A/ysec.) 
AND PULSE WIDTH (di/dt = 25 A/usec.) 
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INSTANTANEOUS ON-STATE CURRENT -AMPERES 
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INSTANTANEOUS ON-STATE VOLTAGE - VOLTS 
11. MAXIMUM ON-STATE CHARACTERISTICS 
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CYCLES AT 60 Hz 


13. SURGE (NON-REPETITIVE) ON-STATE CURRENT 


a ea 
a ra 
J 125°C | 


rT | NOTES: 


THE LOCUS OF POSSIBLE OC 
TRIGGER POINTS LIES OUTSIDE 
THE BOUNDARIES SHOWN AT 


VARIOUS CASE TEMPERATURES. 
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INSTANTANEOUS GATE CURRENT - AMPERES 


12. GATE TRIGGER CHARACTERISTICS 
AND POWER RATINGS 
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14. SUB-CYCLE SURGE (NON-REPETITIVE) 


ON-STATE CURRENT AND [?t RATING 
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15. TRANSIENT THERMAL IMPEDANCE — 
JUNCTION-TO-CASE 
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RECOVERED CHARGE DATA 


C384/C385 | 


Ity250 


30 
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RECOVERED CHARGE-Qppecy (pe COULOMBS) —®» 


RECOVERED CHARGE-QpR(pec) (pt COULOMBS) —» 


4 
~y 2 3 456 8 10 20 30 405060 80 100 | 2 3 456 8 10 20 30 40 5060 80 [100 


REVERSE di/dt(AMPERES/p SEC) > REVERSE di/dt (AMPERES/p SEC} > 
16. TYPICAL RECOVERED CHARGE AT 25°C 17. TYPICAL RECOVERED CHARGE AT 125°C 
SINEWAVE CURRENT WAVEFORM SINEWAVE CURRENT WAVEFORM 


OUTLINE DRAWINGS 


TABLE OF DIMENSIONS 


Conversion Table 
SYM; MIN | 
Pal aa | ee 18.897 ri8.97 [19.1071 
030 ‘060 .762[ 1.524 | 
rig fits [gee 28 
40.64 peeps 
| 2.794] 794 — | 
“057 “059 7 447 | 449 | 
J “300 28 | 7.620 | 
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HIGH SPEED 
Silicon 
Controlled Rectifier 
1200 Voits, 500A RMS 


[ere | 


AMPLIFYING GATE 


The General Electric C387 and C388 Silicon Controlled Rectifiers are 
designed for power switching at high frequencies. These are all-diffused 
Press-Pak devices employing the field-proven amplifying gate. 


FEATURES: 


High di/dt ratings. 


Fully characterized for operation in inverter and chopper applications. 


High dv/dt capability with selections available. 
Rugged hermetic glazed ceramic package having 1” creepage path. 


IMPORTANT: Mounting instructions on the mounting clamp specifications must be followed. 


HIGH FREQUENCY CURRENT RATINGS 


cal oo 


50% DUTY CYCLE 
180°C CONDUCTION 
65°C CASE TEMPERATURE 
800 VOLT SWITCHING 
5,0.20 wF SNUBBER 
=== 200,0,20 uF SNUBBER 


H SINUSOIDAL WAVEFORM 


ALLOWABLE PEAK ON-STATE CURRENT- AMPERES 


100 1000 
FREQUENCY IN Hz 


ALLOWABLE PEAK ON-STATE CURRENT-AMPERES 


° 
(0,000 too 


I 
400 | +-+450% DUTY CYCLE 


soo _{_| [di/dt=5 AsuSec l j 
?, 
mmt-tLeoo vorswrenne + — Nt I LT 


5.2,0.20 uF SNUBBER 


1000. 


FREQUENCY IN HZ 


1. MAXIMUM ON-STATE CHARACTERISTICS 2. GATE TRIGGER CHARACTERISTICS AND 


POWER RATINGS 


Equipment designers can use the C387/C388 SCR in demanding applications, such as: 


e Choppers 
e Inverters 


¢ Regulated Power Supplies 


e Sonar Transmitters 
e Induction Heaters 
® Radio Transmitters 


e Cycloconverters 
e DC to DC Converters 
® High Frequency Lighting 


FOR SINEWAVE OPERATION 
Like the Type C140/141,C158/C159 and C359 SCR’s, 


the C387/C388 SCR is rated for: 


e Peak Current 
vs. 
e Pulse Width 
e Frequency 
e Case Temperature 


FOR RECTANGULAR WAVE OPERATION 


GE now introduces a new, high-frequency rating for 


C387/C388 SCR, which is: 
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Peak Current 
vs. 
di/dt of Leading Edge 
Frequency 
Duty Cycle 
Case Temperature 


C387/C388 | 


MAXIMUM ALLOWABLE RATINGS 


REPETITIVE PEAK OFF-STATE | REPETITIVE PEAK REVERSE NON-REPETITIVE PEAK 
TYPES VOLTAGE, Vorm! VOLTAGE, Varmu! REVERSE VOLTAGE, Vasu! 
Ty = -40°C to +125°C Ty = -40°C to +125°C Ty = +125°C 


C387/C388E 500 Volts 500 Volts 600 Volts 
C387/C388M 720 
C387/C388S 840 


C387/C388N 960 
C387/C388T 1080 
C387/C388P 1200 
C387/C388PA 1300 
C387/C388PB 1400 


1 Half sinewave waveform, 10 ms max. pulse width. 


Peak One Cycle Surge (Non-Repetitive) On-State Current, Itsy... 0 et 5500 Amperes 
I*t (for fusing) for times > 1.5 milliseconds ......0.0.0.0 00000 c ee eee 50,000 (RMS Ampere)? Seconds 
I*t (for fusing) for times > 8.3 milliseconds ......... 0.0000 cee ee ee eee 120,000 (RMS Ampere)? Seconds 
Critical Rate-of-Rise of On-State Current, Non-Repetitive 2... 0.0.0.0. 0 eee te ees 800 A/ps T 
Critical Rate-of-Rise of On-State Current, Repetitive... 0... eee eee 500 A/us t 
Average Gate Power Dissipation, Pa(ayv).--- nee eee 2 Watts 
Storage Temperatte, Tae. -nurs aos ead tae ee ht aad HERES Goa Rio ee ad HORE AA Le -40°C to +150°C 
Operating Temperature, Tyo... 0c ce cee ccc teen tnt e eee e eee s 40° to +125°C 
Mounting Force Required... 1... kc ee ee eee ee eee eens 2000 Lb. + 10% 

8.9 KN = 10% 


di/dt ratings established in accordance with EIA-NEMA Standard RS-397, Section 5.2.2.6 for conditions of max. rated VpRM; 20 volts, 
20 ohms gate trigger source with 0.5 us short circuit trigger current rise time. 
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C387/C388 CHARACTERISTICS 


Repetitive Peak Reverse 
and Off-State Current 


TEST CONDITION 


Repetitive Peak Reverse 
and Off-State Current 


Critical Rate-of-Rise of 
Off-State Voltage (Higher 
values may cause device 

switching) 


Ty = +125°C, Gate Open. Vppm = Rated 
Linear or Exponential Rising Waveform. 


Exponential dv/dt ue (.632) 


-40°C, Vp = 6 Vdc, Ry, = 3 Ohms 
+125°C, Vp = 6Vdc, Ry = 3 Ohms 
-40°C to 0°C, Vp = 6 Vdc, 
3 Ohms 

Te = 0°C to +125°C, Vp = 6Vdc, 
Ry, = 3 Ohms 
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Peak On-State Voltage 


Turn-On Delay Time 


Te = +25°C, Itm = 50 Adc, VoprRM: Gate 
Supply: 20 volt open circuit, 20 ohm, 0.1 
usec max. rise time. ft, ttt 


To = +125°C 

(2) Ipy = 500 Amps. 

(3) Vp = 50 Volts Min. 

(4) Vprm (Reapplied) 

(5S) Rate-of-Rise of Reapplied Off-State 
Voltage = 20 V/psec (linear) 

(6) Commutation di/dt = 25 Amps/ysec 

(7) Repetition Rate = 1 pps. 

(8) Gate Bias During Turn-Off Interval = 

0 Volts, 100 Ohms. 


To = +125°C 

(2) Ipm = 500 Amps 

(3) Vp_ = 50 Volts Min. 

(4) Vprm (Reapplied) 

(5) Rate-of-Rise of Reapplied Off-State 
Voltage = 200 V/usec (linear) 

(6) Commutation di/dt = 25 Amps/psec 

(7) Repetition Rate = 1 pps. 

(8) Gate Bias During Turn-Off Interval = 

0 Volts, 100 Ohms 


Tc = +125°C 

(2) Ipm = 500 Amps. 

(3) Vp =1 Volt 

(4) Vopr (Reapplied) 

(5S) Rate-of-Rise of Reapplied Off-State 
Voltage = 200 V/usec (linear) 

(6) Commutation di/dt = 25 Amps/usec 

(7) Repetition Rate = 1 pps. 

(8) Gate Bias During Turn-Off Interval = 

0 Volts, 100 Ohms 


Conventional Circuit 
Commutated Turn-Off 
Time (with Reverse 
Voltage) 


C388 
C387 


Conventional Circuit 
Commutated Turn-Off 
Time (with Feedback 
Diode) 


C388 
C387 


fConsult factory for specified maximum turn-off time. 
{{Delay time may increase significantly as the gate drive approaches the Igy of the Device Under Test. 
ttT Current risetime as measured with a current probe, or voltage risetime across a non-inductive resistor. 
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PEAK ON-STATE CURRENT ~ AMPERES 


PEAK ON-STATE CURRENT-AMPERES 


PEAK ON-STATE CURRENT-AMPERES 


SINE WAVE CURRENT RATING DATA 


SNUBBER CIRCUIT 
52, .2yf 
—— — 200, 2ut 


ite) to000 10K 
errr BASE WIDTH (SEC) 


3. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. PULSE WIDTH (Tg = 65 C) 
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4. MAXIMUM ALLOWABLE PEAK ON-STATE 
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NOTES: 
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The locus of possible dc trigger points lie outside the 
boundaries shown at various case temperatures. 

20V — 202 is the minimum gate source load tine when 
rate of circuit current rise > 100 amps/us or anode 
rate of current rise > 200 amps/us (Tp = 5 us min., 
0.5 us max. risetime) Maximum tong term repetitive 
anode di/dt = 500 amps/us with 20V — 202 gate 
source. 
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High Power 


Silicon 
Controlled Rectifier ¥ 


1300 VOLTS 850A RMS 


The General Electric C390 Silicon Controlled Rectifier is designed for phase 
control applications. This is an all-diffused Press-Pak device employing the 
field-proven amplifying gate. 


FEATURES: 

High di/dt Ratings 

High dv/dt Capability with Selections Available 

Excellent Surge and I*t Ratings Providing Easy Fusing 

Guaranteed Maximum Turn-Off Time with Selections Available 
Rugged Hermetic Glazed Ceramic Package Having 1” Creepage Path 


IMPORTANT: Mounting instructions on the last page of this specification must be followed. 


MAXIMUM ALLOWABLE RATINGS 


REPETITIVE PEAK OFF-STATE | REPETITIVE PEAK REVERSE NON-REPETITIVE PEAK 
VOLTAGE, Vprmu! VOLTAGE, Van! REVERSE VOLTAGE, Vasu! 
Ty = -40°C to +125°C Ty = -40°C to +125°C 


C390E 500 Volts 500 Volts 600 Volts 
C390M 600 
C3908 700 


C390N 800 
C390T 900 
C390P 1000 
C390PA 1100 
C390PB 1200 
C390PC 1300 


1 Half sinewave waveform, 10 msec max. pulse width. 


Average On-State Current, Iq(ay)... 1... 2. eee eee ee eee eee Depends on Conduction-Angle (See Charts 1 and 2) 
Peak One-Cycle Surge (Non-Repetitive) On-State Current, Ipgy (60 Hz)... 2.0.0... 0.0 ees 8000 Amperes 
Peak One-Cycle Surge (Non-Repetitive) On-State Current, Ipgy (SO Hz) ...... 0.0... cee eee 7600 Amperes 
Critical Rate-of-Rise of On-State Current (Non-Repetitive)} ... 2.0.2... cece eee eee 800 A/us 
Critical Rate-of-Rise of On-State Current (Repetitive)f ... 2... teens 500 A/us 
I*t (for fusing) (for times > 1.5 milliseconds) See Figure9..............00005 100,000 (RMS Ampere)* Seconds 
I’t (for fusing) (at 8.3 milliseconds) (See Figure 9)........0...0 00.0 e eee eeee 265,000 (RMS Ampere)? Seconds 
Peak Gate Power Dissipation, Pgy... 1... 2 eee ce cece eee eee eee eae 200 Watts @ 40 usec Pulse 
Average Gate Power Dissipation, BG (AVY ofa swipe eo Badia Ge ees hee ote Gata see &d ade gah a a tae es 5 Watts 
Storage: Fempetattitey logy oe care oh ack wee Seals tee Lda ele ae eh ee ata beatae etek Harn Gas -40°C to +150°C 
Operating Temperature, Ty 2... 1 ee ce ence ee ee ee eee e ee nns -40°C to +125°C 
Mounting Force Required... 2... ee eee e ence eee eae 2000 Lbs. — 2500 Lbs. 


8.9 Kn — 11.1 Kn 


NOTE: 


{di/dt ratings established in accordance with EIA-NEMA Standard RS-397, Section 5.2.2.6 for conditions of VpRM < 1000V; 20 volts, 20 
ohms gate trigger source with 0.5 us short circuit trigger current rise time. 
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CHARACTERISTICS 


Repetitive Peak Reverse IRRM Ty = +25°C, V = Vprm = VrRrM 
and Off-State Current and 

IpRM 
Repetitive Peak Reverse IrRM Ty = +125°C, V = Vprm = Vraru 
and Off-State Current and 

IpRM 


Thermal! Resistance R@sc Junction-to-Case (Double-Side Cooling) 


Junction-to-Case (Single-Side Cooling) 


Critical Rate-of-Rise of 200 T; = +125°C, Vprm = Rated, Using Linear 
Off-State Voltage (Higher or Exponential Rising Waveform. Gate 
values may cause device Open. You 

switching.) Exponential dv/dt = (.632) 


Holding Current Ty Tc = +25°C, Anode Supply = 24 Vdc. 
Initial On-State Current = 2 Amps. 

Latching Current s Teo = +25°C, Anode Voltage = 24 Vdc. 
Load Resistance 12 Ohms Max. 


Turn-On Delay Time : To = +25°C, Ipm = 50 Adc, Vprm Rated. 
Gate Supply: 20 Volts, 20 Ohms, 0.1 psec 
Max. Rise Time 


DC Gate Trigger Current +25°C, Vp = 6 Vdc, Ry = 3 Ohms 
See Figure 11 for = 
Recommended Gate -40°C, Vp = 6Vdc, Ry = 3 Ohms 


Drive Conditions 


= +125°C, Vp = 6 Vdc, Ry = 3 Ohms 


DC Gate Trigger Voltage -40°C to +125°C, Vp = 6 Vdc. 
3 Ohms 


+125°C, Vp = Rated, Rp = 1000 


Peak On-State Voltage VIM 2: Volts To = +25°C, lpm = 3000 Amps Peak. 
Duty Cycle < 0.01% 


Circuited Commutated tg* 125 usec Tc = +125°C 

Turn-Off Time Iym = 500 Amps 

Ve = 50 Volts Min. 

Vpro (Reapplied) 

Rate-of-Rise of Reapplied Off-State 
Voltage = 20V/psec (linear) 
Commutation di/dt = 25 Amps/psec 
Repetition Rate = 1 pps 

Gate Bias During Turn-Off Interval = 
0 Volts, 100 Ohms 


*Contact factory for maximum tg specification. 
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NOTES: 
1, Maximum allowable gate power dissipation = 5 watts. 


2. The locus of possible DC trigger points lie outside the 
boundaries shown at various case temperatures. 
3. Tp = Rectangular Gate Current Pulse Width. 


11. GATE TRIGGER CHARACTERISTICS AND 
POWER RATINGS 


939 


INSTANTANEOUS ON-~STATE CURRENT-AMPERES 


200 


fe] 20 6.0 
INSTANTANEOUS. ON-STATE VOLTAGE VOLTS 


Ss ee 
aaa eee 
Sasa Peat 
eae DE) 
Haas ies 
aes Eee 
ES SS 
Se 
ane 
ae Gee 
ES Ga 
et ee 
ac Rae 


ite 


12. MAXIMUM ON-STATE CHARACTERISTICS 
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High Power 


Silicon 170.64 8/76 
Controlled Rectifier 


1800 VOLTS 850A RMS 


AMPLIFYING GATE 


The General Electric C391 Silicon Controlled Rectifier is designed for phase 
control applications. This is an all-diffused Press-Pak device employing the 
field-proven amplifying gate. 


FEATURES: 


High di/dt Ratings 

High dv/dt Capability with Selections Available 

Excellent Surge and I?t Ratings Providing Easy Fusing 

Guaranteed Maximum Turn-Off Time with Selections Available 
Rugged Hermetic Glazed Ceramic Package Having 1” Creepage Path 


IMPORTANT: Mounting instructions on the last page of this specification must be followed. 


MAXIMUM ALLOWABLE RATINGS 
REPETITIVE PEAK OFF-STATE | REPETITIVE PEAK REVERSE NON-REPETITIVE PEAK 
VOLTAGE, Vorm! VOLTAGE, Varm! REVERSE VOLTAGE, Vasu! 
Ty = -40°C to +125°C Ty = -40°C to +125°C Ty = +125°C 


C391PC 1300 Volts 1300 Volts 1470 Volts 


C391PD 1400 1400 1580 
C391PE 1500 1500 1700 
C391PM 1600 1600 1790 
C391PS 1700 1700 1920 
C391PN 1800 1800 2040 


1 Half sinewave waveform, 10 msec max. pulse width. 


Average On-State Current, It(ay)--- + -- eee eee Depends on Conduction Angle (See Charts 1 and 3) 
Peak One-Cycle Surge (Non-Repetitive) On-State Current, Ipgyy (60 Hz)... 66.6 eee ee ee ee ee 8000 Amperes 
Peak One-Cycle Surge (Non-Repetitive) On-State Current, Ipgy (50 Hz)... .- 22 eee ee ee ee ee eee 7000 Amperes 
Critical Rate-of-Rise of On-State Current (Non-Repetitive)f.. 2... ee eee eee ne eee enna 150 A/us 
Critical Rate-of-Rise of On-State Current (Repetitive)f ...- 6.62 ce ce cee eee eee eee eens 75 A/us 
I’t (for fusing) (for times > 1.5 milliseconds) See Figure 11.......-..-..----- 100,000 (RMS Ampere)* Seconds 
I*t (for fusing) (at 8.3 milliseconds) .. 2.2.26... . cee eee ee cee eee t eee 265,000 (RMS Ampere)? Seconds 
Peak Gate Power Dissipation, Poy... --.- eee eee tee eee eee 200 Watts @ 40 psec Pulse 
Average Gate Power Dissipation, Pggav)--- +--+ ee ett te eee eet e eee tnes 5 Watts 
Storage Temperature, Tgpg----- 2c e cece cee ee ce tee cence eee eee t ernest en etene -40°C to +150°C 
Operating Temperatire; Tyee tas beech ee ta twd Neitded eka Meer ee tetas aa bakes -40°C to +125°C 
Mounting Force Required... 1... 2. ce ee eee ene tte teen nanee 2000 Lbs. — 2500 Lbs. 


8.9 Kn —11.1 Kn 


NOTE: 
+ di/dt ratings established in accordance with EIA-NEMA Standard RS-397, Section 5.2.2.6 for conditions of VprM <1300V; 20 volts, 20 
ohms gate trigger source with 0.5 Ms short circuit trigger current rise time. 
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CHARACTERISTICS 

Repetitive Peak Reverse IRRM 10 20 mA Ty = +25°C, V = Vprm = Vrrm 
and Off-State Current and 

IDRM 
Repetitive Peak Reverse IRRM 20 45 mA Ty = +125°C, V = Vprm = Vrrm 
and Off-State Current and 

IpRM 
Thermal Resistance RGjc foe fee] 06] °C/Watt | Junction-to-Case (Double-Side Cooling) 

ay Mie st alae Junction-to-Case (Single-Side Cooling) 

Critical Rate-of-Rise of 200 eas Ty = +125°C, Vprm 0.8 x Rated, Using 


Off-State Voltage (Higher 
values may cause device 
switching.) 


Linear or Exponential Rising Waveform. 
Gate Open. 
Exponential dv/dt = 0.8 


VpRM 


(.632) 


. 


mAdc |Tco = +25°C, Vp = 6 Vdc, Ry = 3 Ohms 
3 Tc = -40°C, Vp = 6 Vdc, Ry = 3 Ohms 
125 Te = +125°C, Vp = 6 Vdc, Ry = 3 Ohms 


5 Vdc Tc = -40°C to +125°C, Vp = 6 Vde, 
Ry = 3 Ohms 
-65 


DC Gate Trigger Current 
See Figure 10 For 
Recommended Gate 
Drive Conditions 


DC Gate Trigger Voltage 


Peak On-State Voltage 


Circuited Commutated 
Turn-Off Time 


Tce = +125°C, VproM = Rated,.Ry = 1000 
Ohms ; 


Volts | Te = +25°C, Ipy = 3000 Amps Peak. 
Duty Cycle < 0.01% 


() Te = +125°C 


200 


(2) Iym = 500 Amps 

(3) Vp = 50 Volts Min 

(4) .8x VprRM (Reapplied) 

(5) Rate-of-Rise of Reapplied Off-State 
Voltage = 20V/usec (linear) 

(6) Commutation di/dt = 25 Amps/usec 

(7) Repetition Rate = 1 pps 

(8) Gate Bias During Turn-Off Interval = 
0 Volts, 100 Ohms 


*Contact factory for maximum tq specification, 
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TT ol. .o19) 2794] 3.483 
x! 030] 130] _.762| 3.302 
L| ose] ceo 1422] 1524 
m| 1.000] 1.065] 25.40 | 27.05 
wn] .030| 096] .762| 2.438 
P| 130] .I50| 3.302 3.810) 
a | 1300[ 1345] 33.02 | 34.16 
R 2.150] 54.6! 
s| 067| o83| 1702, 2.110 

| r| T | 12.200] 12.3601809.9 [313.9 

, Qre ne | u| 37] 153] 3.480[ 3.886] 


15. OUTLINE DRAWING 
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SUGGESTED MOUNTING METHODS FOR PRESS-PAKS TO HEAT DISSIPATORS 


When the Press-Pak is assembled to a heat sink in accordance with the following general 
instructions, a reliable and low thermal resistance interface will result. 


1. Check each mating surface for nicks, scratches, flatness and surface finish. The heat dissipator 
mating surface should be flat within .0005 inches and have a surface finish of 63 micro-inches. 


2. It is recommended that the heat dissipator be plated with nickel, tin, or gold iridite. Bare 
aluminum or copper surfaces will oxidize in time resulting in excessively high thermal resistance. 


3. Sand each surface lightly with 600 grit paper just prior to assembly. Clean off and apply 
silicone oil (GE SF1 154,200 centistoke viscosity) or silicone grease (GE G322L or Dow Corning 
DC 3, 4, 340 or 640). Clean off and apply again as a thin film. (A thick film will adversely 
affect the electrical and thermal resistances.) 


4. Assemble with the specified mounting force applied through a self-leveling, swivel connection. 
The force has to be evenly distributed over the full area. Center holes on both top and bottom 
of the Press-Pak are for locating purposes only. 


HEAT SINK SELECTION MADE EASY 


The C391 specification sheet marks the introduction of two new characteristic curves which 
should greatly facilitate heat sink selection. Figures 9 and 10 plot allowable average current versus 
ambient temperature and case-to-ambient thermal resistance for the two most frequently en- 
countered waveforms, 1/3 duty cycle rectangular current and 180° sinusoidal current waveforms. 
As soon as the average forward current and maximum ambient temperature are known, the designer 
can specify a heat sink thermal resistance. Note that the graphs span the range of heat sinks from 
water-cooled (Reca = .03°C/W) to free-air convection (Rgca = 0.3°C/W). It is possible to linearly 
interpolate between the curves for Rgcg. 


These curves have been derived from the following basic equation: 
Ty = Ty + Pave X Rosa 
where: Ty = 125°C 


For increased reliability, the usual practice is to derate T; 15-30 degrees. Figure 9 and 10 can 
perform this function by the simple expedient of raising T, by a like amount. 
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HIGH SPEED 
Silicon Controlled Rectifier 
600 Volts (500-700) Amps RMS 


C392/C393 


€394/C395 


AMPLIFYING GATE Zs 


The General Electric C392, C393, C394 and C395 Silicon Controlled Recti- 
fiers are designed for power switching at high frequencies. These are all- 
diffused Press-Pak devices employing the field-proven amplifying gate. 


FEATURES: 
e Fully characterized for operation in inverter and chopper applications. 
e High di/dt ratings. 
e High dv/dt capability with selections available. 
¢ Rugged hermetic glazed ceramic package having 1” creepage path. 


IMPORTANT: Mounting instructions on the last page of specification must be followed. 


HIGH FREQUENCY CURRENT RATINGS 


SINUSOIDAL WAVEFORM 
50% DUTY CYCLE 
180° CONDUCTION 
65°C CASE TEMPERATURE 
600 VOLT SWITCHING 
5.9,0.:2 wF SNUBBER 


SINUSOIDAL WAVEFORM 
50% DUTY CYCLE 
180° CONDUCTION 
65°C CASE TEMPERATURE 
600 VOLT SWITCHING 
52,0-2 wF SNUBBER 


PEAK ON-STATE CURRENT (AMPERES) 


8888838 8 8 


8 


ALLOWABLE PEAK ON- STATE CURRENT — AMPEI 


5? 


10,000 


1000 
FREQUENCY IN Hz 


Equipment designers can use the C392, C393, C394, C3 5 SCR’s in demanding applications, such as: 


e DC to DC Converters 
e High Frequency Lighting 


e Choppers e Regulated Power Supplies 
e Inverters e Cycloconverters 


FOR SINEWAVE OPERATION 


FOR RECTANGULAR WAVE OPERATION 


GE now introduces a new, high-frequency rating for 
the C392, C393, C394, C395 SCR’s, which are: 


Like the Type C140/141, C158/159 and C358 SCR’s, 
the C392, C393, C394, C395 SCR’s are rated for: 


Peak Current 


Peak Current 


vs. VS. 
e Pulse Width e di/dt of Leading Edge 
e Frequency e Frequency 
e Case Temperature e Duty Cycle 
¢ Case Temperature 
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C392/C393/C394/C395 


MAXIMUM ALLOWABLE RATINGS 


Repetitive Peak Repetitive Peak Non-repetitive Peak 
Off-State Voltage, Reverse Voltage, Reverse Voltage, 
Vorm Varo Vasu 


Ty = -40°C to +125°C Ty = -40°C to +125°C Ty = 125°C 


C392, C393, C394, C395A 100 Volts 100 Volts 150 Volts 
C392, C393, C394, C395B 200 200 300 
C392, C393, C394, C395C 300 300 400 
C392, C393, C394, C395D 400 400 500 
C392, C393, C394, C395E 500 500 600 
C392, C393, C394, C395M 600 600 720 


@) Half sinewave waveform, 10 ms max. pulse width. 


Peak One Cycle Surge (Non-Repetitive) On-State Current, Iysm (60 Hz) — C392, C393 ............. 3500 Amperes 
Peak One Cycle Surge (Non-Repetitive) On-State Current, Irsm (60 Hz) — C394, C395 ............. 8000 Amperes 
It (for fusing) for times > 1.5 milliseconds — C392) C393 2 eciar tibia eg eras ke bvea ca Bote 50,000 (RMS Ampere)” Seconds 
I*t (for fusing) for times > 1.5 milliseconds — C394 C395 eo einek weasels Bebb a oes 100,000 (RMS Ampere)* Seconds 
It (for fusing) for times > 8.3 milliseconds — C392 }-C393 eS ics o be Ek ie Oe 120,000 (RMS Ampere)* Seconds 
I?t (for fusing) for times > 8.3 milliseconds — C394 5.C395 = bs ic use se deeeete ik Bald craved 250,000 (RMS Ampere)? Seconds 
Critical Rate-of-Rise of On-State Current, Non-Repetitive ... 0.000000... eee ce ee ce cen neceeaeue 800 A/us + 
Critical Rate-of-Rise of On-State Current, Repetitive... 2.0.0.0... ccc ee cc eee e eee ee eeneae 500 A/ps t 
Average Gate Oower Dissipation, PG AW ps Wee RENE i lacg dante ene enon, od ak ee Saad whale Lack 2 Watts 
Storape. Temperature, T gogo sd hur 2.2 aa e bow weeds g cand hw Seen a seyle te BW ek “9 Ww Sk Sata Soacoe late te ethos -40°C to +150°C 
Operating Temperature, Ty 2.2... ccc ccc cece cece ne tnteucueeucevecenncs -40°C to +125°C 
Mounting: Force: Required i: 02. sv.v gd gisele G9 4 6 Gia Ate vd } Ow wad o wale ds eh ahh wg Bahia degree 2000 Lb. + 10% 

8.9 KN + 10% 


{di/dt ratings established in accordance with EIA-NEMA Standard RS-397, Section 5.2.2.6 for conditions of max. rated VpRM;: 20 volts, 
20 ohms gate trigger source with 0.5 us short trigger current rise time. 


CHARACTERISTICS 
TEST CONDITION 


Repetitive Peak Reverse 
and Off-State Current 


Repetitive Peak Reverse 
and Off-State Current 


Critical Rate-of-Rise of Ty = +125°C, Gate Open. Vpry = Rated 


Forward Blocking Voltage Linear or Exponential Rising Waveform. 


(Higher values may cause 
device switching) 


Holding Current 


DC Gate Trigger Current Tc = +25°C, Vp = 10 Vde, Ry = 1 Ohm 
Tc = -40°C, Vp = 10 Vde, Ry = 1 Ohm 
Tc = +125°C, Vp = 10 Vdc, Ry = 1 Ohm 
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PEAK ON-STATE CURRENT (AMPERES) 


UTE ANIL 


CHARACTERISTICS €392/C393/C394/C395 
[test ————s« Symon min. | typ. | max. | units | 


DC Gate Trigger Voltage 5 


1.50 3.0 


Peak On-State Voltage Volts 
C392, C393 3.3 4.2 
C394, C395 2.3 2.5 
0.5 


Turn-On Delay Time 


To = +25°C, Ip = 3000 Amps Peak 
Duty Cycle < .01%. 
Pulse Width = 3.0 ms 


Tc = +25°C, Itm = 50 Adc, Vprm- Gate 
Supply: 20 Volt Open Circuit, 20 Ohms, 
0.1 usec max. rise time. tt, ftt 


(1) Tc = +125°C 

(2) Ipm = 500 Amps. 

(3) Vp = 50 Volts Min. 

(4) Vpro (Reapplied) 

(5) Rate-of-rise of reapplied off-state 
voltage = 20 V/usec (linear). 

(6) Commutation di/dt = 25 Amps/psec 

(7) Repetition rate = 1 pps. 

(8) Gate bias during turn-off interval = 

0 volts, 100 ohms 


Tc = +125°C 

(2) Itm = 500 Amps 

(3) Vp = 50 Volts Min. 

(4) Vpro (Reapplied) 

(5) Rate-of-rise of reapplied off-state 
voltage = 200 V/usec (linear). 

(6) Commutation di/dt = 25 Amps/ysec 

(7) Repetition rate = 1 pps. 

(8) Gate bias during turn-off interval = 

0 volts, 100 ohms 


(1) Te = +125°C 

(2) Ipm = 500 Amps 

(3) Ve = 1 Volt 

(4) Vprm (Reapplied) 

(5) Rate-of-rise of reapplied off-state 
voltage = 200 V/psec (linear). 

(6) Commutation di/dt = 25 Amps/ysec 

(7) Repetition rate = 1 pps. 

(8) Gate bias during turn-off interval = 

0 volts, 100 ohms 


Conventional Circuit 
Commutated Turn-Off 
Time (with Reverse 
Voltage) 


C392, C394 
C393, C395 


C392, C394 
C393, C395 


Conventional Circuit 
Commutated Turn-Off 
Time (with Feedback 
Diode) 


C392, C394 
C393, C395 


+Consult factory for specified maximum turn-off time. 
++Delay time may increase significantly as the gate drive approaches the IGT of the Device Under Test. 
+++Current risetime as measured with a current probe, or voltage risetime across a non-inductive resistor. 


C394,C395 SINE WAVE CURRENT RATING DATA 


& 
eo 


WHEE 
| 

/: 

2 


AT 


Tit th 
TAT 
=a 


a 


3. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. PULSE WIDTH (Tc = 65°C) 


aoe 


2 
3 
5 


8. 
8 
ts 


PULSE BASE WIDTH-( pz SEC) 


C392/C393/C394/C395 


PEAK ON-STATE CURRENT (AMPERES) 


PEAK ON-STATE CURRENT (AMPERES) 


C394,C395 


os 


hes. 


iss 


(00 
PULSE BASE WIDTH~( pe SEC). 


] C7 
re a ee a | 
a. eV A ey ees 


7 
ae 


R 
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4. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. PULSE WIDTH (Tg = 90°C) 


5. ENERGY PER PULSE FOR 
SINUSOIDAL PULSES 


C394,C395 


RECTANGULAR WAVE CURRENT RATING DATA 
DUTY CYCLE — 50% DUTY CYCLE — 25% 


(SS 
TH (iio 


PEAK ON-STATE CURRENT -AMPERES 


PEAK ON-STATE CURRENT-AMPERES 


RATE OF RISE OF ON-STATE CURRENT (A/iSEC} 


RATE OF RISE OF ON-STATE CURRENT (A/SEC) 


6. MAXIMUM ALLOWABLE PEAK ON-STATE 8. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. di/dt (Tc = 65°C) CURRENT VS. di/dt (Te = 65°C) 


PEAK ON-STATE CURRENT -AMPERES 
PEAK ON-STATE CURRENT-AMPERES 


aia 
RATE OF RISE OF ON-STATE CURRENT (A42SEC) RATE OF RISE OF ON-STATE eat dia 

7. MAXIMUM ALLOWABLE PEAK ON-STATE 9. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. di/dt (Te = 90°C) CURRENT VS. di/dt (Te = 90°C) 
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C392/C393/C394/C395 


PEAK ON-STATE CURRENT (AMPERES) 


PEAK ON-STATE CURRENT (AMPERES) 


PEAK ON-STATE CURRENT (AMPERES) 


C394,C395 


WATT-SECOND PER PULSE 


8 
| 


PULSE BASE WIDTH-(j SEC) 
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10. ENERGY PER PULSE VS. PEAK CURRENT 
AND PULSE WIDTH (di/dt = 100 A/usec) 


11. ENERGY PER PULSE VS. PEAK CURRENT 
AND PULSE WIDTH (di/dt = 25 A/ysec) 


12. ENERGY PER PULSE VS. PEAK CURRENT 
AND PULSE WIDTH (di/dt = 5 A/usec) 


PEAK ON-STATE CURRENT - AMPERES 


K ON-STATE CURRENT-AMPERES 


PEAK FORWARD CURRENT— AMPERES 


C394,C395 SINE WAVE CURRENT RATING DATA 


C392/C393/C394/C395 


i 


sth 13. MAXIMUM ALLOWABLE PEAK ON-STATE 
i CURRENT VS. PULSE WIDTH (Tg = 65 °c) 


Real) 


Vy 


14. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. PULSE WIDTH (Tc = 90°C) 


Poy 
ee 


(OK 


Sti Se 


SCC Se 

= es 4 
[—S 

|_| 


-] 15. ENERGY PER PULSE FOR 
SINUSOIDAL PULSES 


IIT TSS 


fA NIM 


10 100 


PULSE BASE WIDTH (SEC) 
NOTES: iz 4 


(Pertaining to Sine and Rectangular Wave Current Ratings) 


. Required gate drive: 
20 volts, 65 ohms, 1 usec risetime for less than 100 


1. Switching voltage < 400 volts. amps/psec. 
2. Reverse voltage applied = VR < 400 volts. 20 volts, 20 ohms, .5 usec risetime for greater than 100 
3. Max. energy dissipated during reverse recovery to be amps/usec 


15% of total W-S/P shown or 0.03 W-S/P whichever 
is least. You can subtract this energy per pulse when 
Operating with an inverse diode. 


5. RC Snubber ckt. 
6. 
7. Values of W-S/P are for Ty = 125 ec’ 


.2 wf, 5Q. 
Double-Side Cooled 


lf the circuit di/dt remains below 100 amps/us, and normally constructed snubbers using the components specified are employed, then the 


“soft’’ gate drive shown under 


“conditions” for each current rating curve is sufficient. 


If the circuit di/dt exceeds 100 amps/us then the stiff gate source (20V — 20), ty = .5us, specified in Chart 27 must be used. in addition 
the total device di/dt must be checked to insure that it is not above the 500 amps/us which is the long term repetitive limit noted in Chart 27 


for stiff gate source. 
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C392,C393 


RECTANGULAR WAVE CURRENT RATING DATA 


DUTY CYCLE — 50% DUTY CYCLE — 25% 


| TAT TAT 
An inlin 


PEAK ON-STATE CURRENT-AMPERES 
PEAK ON-STATE CURRENT- AMPERES 


RATE OF RISE OF ON-STATE CURRENT-(A/uSEC) RATE OF RISE OF ON-STATE CURRENT-(A/uSEC) 


16. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS di/dt (Tc = 65°C) 


18. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. di/dt (Tc = 65°C) 


PEAK ON-STATE CURRENT-AMPERES 
PEAK ON-STATE CURRENT-AMPERES 


RATE OF RISE OF ON-STATE CURRENT ~(AALSEC} 


RATE OF RISE OF ON-STATE CURRENT-(A/p:SEC) 


19. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. di/dt (Te = 90°C) 


17. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. di/dt (Tce = 90°C) 


NOTES: : 
(Pertaining to Sine and Rectangular Wave Current Ratings) 
1. RC Snubber ckt. = .25uf, 50- 6. dv/dt (maximum) = 200 voits/usec. 
2. Off-State Voltage = 400 volts. 7. Required gate drive: 
3. Reverse voltage = 50V <VR <400 V. 20 volts, 65 ohms, 1 usec risetime. See chart 27. 
4. Maximum Ty = +125°C. 8. Double-Side Cooted. 
5. Max. energy dissipated during reverse recovery to be 9. Values of W-S/P are for Ty = 125°C. 


15% of total W-SYP shown or 0.03 W-S/P whichever 
is least. You can subtract this energy per pulse when 
operating with an inverse diode, 
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C392/C393/C394/C395 


C392,C393 
WATT-SECOND PER PULSE 


ENERGY PER PULSE VS. PEAK CURRENT 
AND PULSE WIDTH (di/dt = 100 A/usec) 


20. 


S383dNV-1N38UND ALVLS-NO AV3d 


PULSE BASE WIOTH (SEC) 


21. ENERGY PER PULSE VS. PEAK CURRENT 
AND PULSE WIDTH (di/dt = 25 A/usec) 


a aS A BS el 1 a 4 S 


S3H3dWY-INSYYND 3iVLS-NO AV3d 


PULSE BASE WIDTH («SEC) 


22. ENERGY PER PULSE VS. PEAK CURRENT 
AND PULSE WIDTH (di/dt = 5 A/usec) 


7 

|__| 
Ht oot 
HITT Tt 


SaHadWV - LNBYUND JLVLS-NO 4V3d 


PULSE BASE WIDTH ( SEC} 
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C392/C393/C394/C395 


C392,C393 C394,C395 
| pee 
a 


C392,C393 


4000 


== 


2000 


1000 


500 


zs 
a 


eel 


125°C 


Ts 


200 


\ook. 


INSTANTANEOUS ON-STATE CURRENT - AMPERES 


INSTANTANEOUS ON-STATE CURRENT - AMPERES 


1 2 3 4 5 ; ; : 
INSTANTANEOUS ON-STATE VOLTAGE -VOLTS INSTANTANEOUS ON-STATE VOLTAGE-VOLTS 
23. MAXIMUM ON-STATE CHARACTERISTICS 24. MAXIMUM ON-STATE CHARACTERISTICS 


10,000 


te 


8,000 


124 
(RusgAMP)?-SEC 


6,000 
aed ae = a ea 

60,000 

B00 aes (I LP ETC 


PEAK HALF SINEWAVE ON-STATE 
CURRENT - AMPERES 


Swuew eS es 
4,000 EE at 0800 |e ee eto 
<unkq 8,000 es es a 
aZ252 °° [| 
ial are areas 
" 6,000 
eee 2. 3 4 6 8 10 2 30 40 60 es is 2 ar) 6 6 10 
CYCLES AT 60 Hz PULSE BASE WIDTH (mSEC) 
25. SURGE (NON-REPETITIVE) ON-STATE CURRENT 26. SUB-CYCLE (NON-REPETITIVE) ON-STATE 
CURRENT AND (?t RATING 
40 
HSS NOTES: 


1. The locus of possible dc trigger points lie outside the 
boundaries shown at various case temperatures. 

2. 20V — 202 is the minimum gate source load line when 
rate of circuit current rise > 100 amps/us or anode 
rate of current rise > 200 amps/us (Tp = 5 us min., 
0.5 ws max. risetime) Maximum long term repetitive 
anode di/dt = 500 amps/us with 20V ~— 202 gate 
source, 


2h ies 

=== (NK 
L..._ #7 [_ POSSIBLE 

6 DC TRIGGER 


KH 
a ae il tT 
A Pre 
PAT | | 4 


3 4 6 UL 30 40 60 8010, 
sistalirahicobs GATE GURkeNe Caueenes 


27. GATE TRIGGER CHARACTERISTICS AND 
POWER RATINGS 


INSTANTANEOUS GATE VOLTAGE - VOLTS 
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C392/C393/C394/C395 


| 
apy 
woo ACMI || 


TRANSIENT THERMAL IMPEDANCE -°C/W 


000! 
OOO! 


ae 
(cnn 
0.001 0.01 0. 


TIME- SECONDS 


H to 


28. TRANSIENT THERMAL IMPEDANCE — 
JUNCTION-TO-CASE 


T= LENGTH OF 
STRAIGHT LEAD 


METRIC 


DECIMAL 


OUTLINE DRAWING 


SUGGESTED MOUNTING METHODS FOR PRESS-PAKS TO HEAT DISSIPATORS 


When the Press-Pak is assembled to a heat sink in 
accordance with the following general instructions, 
a reliable and low thermal resistance interface with 
result. 

1. Check each mating surface for nicks, scratches, 
flatness and surface finish. The heat dissipator mat- 
ing surfaces should be flat within .0005 inches and 
have a surface finish of 63 micro-inches. 

2. It is recommended that the heat dissipator be 
plated with nickel, tin or gold iridite. Bare aluminum 
or copper surfaces will oxidize in time resulting in 
excessively high thermal resistance. 
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3. Sand each surface lightly with 600 grit paper just 
prior to assembly. Clean off and apply silicone oil 
(GE SF1154 200. centistake viscosity) or silicone 
grease (GE G623 or Dow Coming DC 3, 4, 340 or 
640). Clean off and apply again as a thin film. (A 
thick film will adversely affect the electrical and 
thermal resistances.) 

4. Assemble with the specified mounting force applied 
through a self beveling, swivel connection. The force 
has to be evenly distributed over the full area. Center 
holes on both top and bottom of the Press-Pak are 
for locating purposes only. 


HIGH SPEED 
Silicon C397/C398 
Controlled Rectifier : 


1200 Volts, 650 A RMS AMPLIFYING GATE 


The General Electric C397 and C398 Silicon Controlled Rectifiers are 
designed for power switching at high frequencies. These are all-diffused 
Press-Pak devices employing the field-proven amplifying gate. 


FEATURES: 


¢ Fully characterized for operation in inverter and chopper applications. 
e High di/dt ratings. 

e High dv/dt capability with selections available. 

° Rugged hermetic glazed ceramic package having 1” creepage path. 


IMPORTANT: Mounting instructions on the mounting clamp specifications at back of this sheet must be followed. 


HIGH FREQUENCY CURRENT RATINGS 
J 


SINUSOIDAL WAVEFORM 


400 | 180° CONDUCTION 
65°C CASE TEMPERATURE 
300 | 800 VOLT SwiTc! 


50% DUTY CYCLE 
T Tt 
——-~59.,.20af SNUBBER 100 800 VOLT SWITCHING be 
~~" 2002,.20af SNUBBER 50,.2af SNUBBER 
Sr — 


100 1000 10,000 100 1000 10,000 
FREQUENCY IN Hz FREQUENCY IN Hz 


RECTANGULAR WAVEFORM 
50% DUTY CYCLE 

200 di/dt=5 AMPS 42SEC +—+ 
65°C CASE TEMPERATURE 


ALLOWABLE PEAK ON-STATE CURRENT- AMPERES 
~ 
8 


ALLOWABLE PEAK ON-STATE CURRENT ~ AMPERES. 


Equipment designers can use the C397/C398 SCR’s in demanding applications, such as: 


¢ Choppers © Sonar Transmitters e Cycloconverters 
¢ Inverters e Induction Heaters ¢ DC to DC Converters 
¢ Regulated Power Supplies e Radio Transmitters e High Frequency Lighting 
FOR SINEWAVE OPERATION FOR RECTANGULAR WAVE OPERATION 
Like the Type C140/141, C158/159 and C358 SCR’s, GE now introduces a new, high-frequency rating for 
the C397/C398 SCR is rated for: the C397/398 SCR, which is: 
e Peak Current e Peak Current 
VS. vs. 
e Pulse Width e di/dt of Leading Edge 
e Frequency e Frequency 
| e Case Temperature e Duty Cycle 
e 


Case Temperature 
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C397/C398 


MAXIMUM ALLOWABLE RATINGS 


REPETITIVE PEAK OFF-STATE | REPETITIVE PEAK REVERSE NON-REPETITIVE PEAK 
TYPES VOLTAGE, Vorm! VOLTAGE, Varm! REVERSE VOLTAGE, Vasu! 
Ty = -40°C to +125°C Ty = -40°C to +125°C Ty = 125°C 


C397/C398E 500 Volts 600 Volts 
C397 /C398M 600 720 
C397/C398S 700 840 


C397/C398N 800 960 
C397 /C398T 900 1080 
C397 /C398P 1000 1200 
C397/C398PA 1100 1300 
C397/C398PB 1200 1400 


1 Half sinewave waveform, 10 ms max. pulse width. 


Peak One Cycle Surge (Non-Repetitive) On-State Current, Ipgy .- ee eens 7500 Amperes 
It (for fusing) for times > 1.5 milliseconds... 2.2.0... eee ee ee ees 95,000 (RMS Ampere)” Seconds 
I*t (for fusing) for times > 8.3 milliseconds .......... 0... cece eee 230,000 (RMS Ampere)? Seconds 
Critical Rate-of-Rise of On-State Current, Non-Repetitive 2... 2.0... ee ee eee 800 A/us Tf 
Critical Rate-of-Rise of On-State Current, Repetitive... 0.0... . ce ee eee eee 500 A/ys + 
Average Gate Power Dissipation, Pgjay)..-.. ee ee ee eee te ete eee ees 2 Watts 
Stovige Temperate, Tipe cust Sonik Ga kia ee ia ros SRS sod ssid Ree pa eR AR -40°C to +150°C 
Operating: Temperature, Vyas Moet neh eld MGA ee es see tee nes rae aw a mae 06 ae de oe . 40°C to +125°C 
Mounting Force Required... 1... ee eee teen ete eens 2000 Lb. + 10% 

8.9 KN + 10% 


+di/dt ratings established in accordance with EIA-NEMA Standard RS-397, Section 5.2.2.6 for conditions of max. rated VDRM; 20 volts, 
20 ohms gate trigger source with 0.5 us short circuit current rise time. 
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C397/C398 
CHARACTERISTICS 
wax. TEST CONDITION 


Repetitive Peak Reverse IRRM 
and Off-State Current and 


IpRM 


Repetitive Peak Reverse IRRM 
and Off-State Current and 


IpRM 


Critical Rate-of-Rise of = 125°C, Gate Open. Vprm = Rated, 
Off-State Voltage (Higher Linear or Exponential Rising Waveform. 


V 
Exponential dv/dt = BEM (.632) 


values may cause device 
switching) 


Higher minimum dv/dt selections available — consult factory. 
DC Gate Trigger Current c= +25°C, Vp = 6Vdc, Ry = 3 Ohms 
To = -40°C, Vp = 6 Vdc, Ry = 3 Ohms 
To = +125°C, Vp = 6 Vde, Ry = 3 Ohms 
DC Gate Trigger Voltage Tc = -40°C to 25°C, Vp = 6 Vdc, 
Ry = 3 Ohms 


Te = 25°C to +125°C, Vp = 6 Vde, 
Ru = 3 Ohms 


Tc = 125°C, Vprm, Ri = 1000 Ohms 


Peak On-State Voltage 


Turn-On Delay Time ‘ Tc = +25°C, Ipm = 50 Adc, Vprm.- Gate 
Supply: 20 volt open circuit, 20 ohms, 0.1 
usec max. rise time. ++, TTT 


Conventional Circuit Te = +125°C 
Commutated Turn-Off Ipm = 500 Amps. 
Time (with Reverse Vr = 50 Volts Min. 
Voltage) VproM (Reapplied) 
Rate-of-rise of reapplied off-state 
C398 4 
ae voltage = 20 V/usec (linear) 


Commutation di/dt = 25 Amps/psec 
Conventional Circuit ta(diode) 
Commutated Turn-Off 
Time (with Feedback 
Diode) 
C398 
C397 


Repetition rate = 1 pps. 
Gate bias during turn-off interval = 
0 volts, 100 ohms 
Consult factory for specified maximum turn-off time. 
+{Delay time may increase significantly as the gate drive approaches the Igy of the Device Under Test. 
tt? Current risetime as measured with a current probe, or voltage risetime across a non-inductive resistor. 
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To = +125°C 

I¢m = 500 Amps. 

Vr = 50 Volts Min. 

VproM (Reapplied) 

Rate-of-rise of reapplied off-state 
voltage = 200 V/ysec (linear) 
Commutation di/dt = 25 Amps/usec 
Repetition rate = 1 pps. 

Gate bias during turn-off interval = 
0 volts, 100 ohms 


To = +125°C 

Iym = 500 Amps 

Ve = 1 Volt 

VprM (Reapplied) 

Rate-of-rise ot reapplied off-state 
voltage = 200 V/usec (linear) 
Commutation di/dt = 25 Amps/psec 
Repetition rate = 1 pps. 

Gate bias during turn-off interval = 
0 volts, 100 ohms 
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PEAK ON-STATE CURRENT -AMPERES 


C397/C398 


SINE WAVE CURRENT RATING DATA 


10000 10900 
= 
4+ L 
| s| + . 
‘e . : 
: jae eete eee : 
tt 
: 2500 + S 
wo oo 5000, INV PARALLEL DIODE ¥ 
fee T 52, 2ut 
ok 5000 HH — — 200, 2p 
||| —--— 208, 2ut 
WITH INVERSE 
PARALLEL O100€ 
1005 100 1000 10K 
PULSE @ASE WIDTH (uSEC) PULSE BASE WIDTH (4SEC) 
1. MAXIMUM ALLOWABLE PEAK ON-STATE 2. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. PULSE WIDTH (Te = 65°C) CURRENT VS. PULSE WIDTH (Te = 90°C) 


52, Qt 
— — 202, 2ut 
SNUBBER CIRCUIT 


PAT” 
TTA 


7Amn/.0 


PEAK FORWARD CURRENT - AMPERES 


PULSE BASE WIDTH (SEC) 


3. ENERGY PER PULSE FOR SINUSOIDAL PULSES 


NOTES: 
(Pertaining to Sine and Rectangular or Wave Current Ratings) 

1. Switching voltage < 800 volts. 

2. Reverse voltage applied = VR < 800 V. 

3. Max. energy dissipated during reverse recovery is 15% 
of total W-S/P shown or 0.03 W-S/P whichever is least 
for operation with inverse diode. 

4. Required gate drive: 

20 volts, 65 ohms, 1 usec risetime for less than 100 
amps/usec 

20 volts, 20 ohms, 5 usec risetime for greater than 
100 amps/yusec. 

RC Snubber ckt. = .2 uf, 52 

Double-Side Cooled. 

Values of W-S/P are for Ty = 125°C. 


NOH 


961 


PEAK ON-STATE CURRENT- AMPERES 


PEAK ON-STATE CURRENT-AMPERES 


C397/C398 


DUTY CYCLE — 50% DUTY CYCLE — 25% 
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RECTANGULAR WAVE CURRENT RATING DATA 


PEAK ON-STATE CURRENT -AMPERES 


10 100 


RATE OF RISE OF ON-STATE CURRENT-(A/uSEC) RATE OF RISE OF ON-STATE CURRENT-(A/SEC) 


4. MAXIMUM ALLOWABLE PEAK ON-STATE 6. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS di/dt (Tc = 65°C) CURRENT VS. di/dt (Te = 65°C) 


g Reneceee aes Se me canes we woe ce 
= a ee 
F rr 
& ns. 28 
> 
: aoe 
: fie ee 
Sania 
: fie 
el 2500 
10 100 
RATE OF RISE OF ON-STATE CURRENT-(A/;2SEC) RATE OF RISE OF ON-STATE CURRENT-(A/SEC) 
5. MAXIMUM ALLOWABLE PEAK ON-STATE 7. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. di/dt (Te = 90°C) CURRENT VS. di/dt (Te = 90°C) 


NOTES: (SEE SINE WAVE DATA) 
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C397/C398 
WATT-—SECOND PER PULSE 


10 100 tooo 
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Saat 
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PULSE BASE WIDTH (SEC) 
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PEAK ON-STATE CURRENT - AMPERES 
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PULSE BASE WIDTH- ae 
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tH 8. ENERGY PER PULSE VS. PEAK CURRENT 
AND PULSE WIDTH (di/dt = 100 A/usec) 


ny AGE AM EY. 
ees eee an 
a Ga ey 4a 
Ge 4 eee 


9. ENERGY PER PULSE VS. PEAK CURRENT 
AND PULSE WIDTH (di/dt = 25 A/usec) 


10. ENERGY PER PULSE VS. PEAK CURRENT 
AND PULSE WIDTH (di/dt = 5 A/usec) 


NOTES: (SEE SINE WAVE DATA) 


C397/C398 


INSTANTANEOUS ON-STATE CURRENT-AMPERES 


3 
INSTANTANEOUS ON-STATE VOLTAGE- VOLTS 
11. MAXIMUM ON-STATE CHARACTERISTICS 


INSTANTANEOUS GATE VOLTAGE -(VOLTS) 


INSTANTANEOUS GATE SeUaRENK (AMPERES) 


12. GATE TRIGGER CHARACTERISTICS AND 
POWER RATINGS 


PEAK HALF SINEWAVE 
ON-STATE CURRENT -(AMPERES) 


' 2 4 6 6 10 20 10 100 
CYCLES AT 60 Hz 


13. SURGE (NON-REPETITIVE) ON-STATE CURRENT 


12+ 
(RMS AMP)2 SEC 


PEAK HALF SINE WAVE 
ON-STATE 
CURRENT - (AMPERES) 


PULSE BASE WIDTH (mSEC) 


14. SUB-CYCLE SURGE (NON-REPETITIVE) 
ON-STATE CURRENT AND /?t RATING 


NOTES: 

1. The locus of possible dc trigger points lies outside the 
boundaries shown at various case temperatures. 

2. 20V — 20 is the minimum gate source load line when 
rate of circuit current rise > 100 amp/us or anode rate 
of current rise > 200 amps/us (Tp = 5 us min., 0.5 
us max. rise time.) 
Maximum long term repetitive anode di/dt = 500 
amps/us with 20V — 20Q gate source. 


FOR SINE WAVE 
7 Itm 


di/dt = SOLSE WIDTH 


RECOVERED CHARGE ~Gpipgc) ~(COULOMBS) 


REVERSE di/dt -(A/z S) 


15. TYPICAL RECOVERED .CHARGE (125°C) 
SINEWAVE CURRENT WAVEFORM 
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C397/C398 


M/De JINVO3dWI TWWYSHL LINZISNV8L 


TIME - SECONDS 


16. TRANSIENT THERMAL IMPEDANCE — 


JUNCTION-TO-CASE 


OUTLINE DRAWING 
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High Power 
Silicon 
Controlled Rectifier 

1300 Volts 900A Avg AMPLIFYING GATE 


The General Electric C440 Silicon Controlled Rectifier is designed for phase 
control applications. This is an all-diffused Press-Pak device employing the 
field-proven amplifying gate. 


FEATURES: 


High di/dt Ratings 

High dv/dt Capability with Selections Available 

Excellent Surge and I?t Ratings Providing Easy Fusing 

Guaranteed Maximum Turn-Off Time with Selections Available 
Rugged Hermetic Glazed Ceramic Package Having 1” Creepage Path 


IMPORTANT: Mounting instructions on the last page of this specification must be followed. 


MAXIMUM ALLOWABLE RATINGS 


REPETITIVE PEAK OFF-STATE | REPETITIVE PEAK REVERSE NON-REPETITIVE PEAK 
VOLTAGE, Vorm! VOLTAGE, Vara! REVERSE VOLTAGE, Vasu! 
Ty = -40°C to +125°C Ty = -40°C to +125°C Ty = +125°C 


$00 Volts 500 Volts 600 Volts 
600 600 700 
700 700 800 


800 800 900 
900 900 1000 
1000 1000 1150 
1100 1100 1250 
1200 1200 1400 
1300 1300 1500 


1 Half sinewave waveform, 10 msec max. pulse width. 


Average On-State Current, Iq(qyy. ee ees Depends on Conduction Angle (See Charts 1 and 2) 
Peak One-Cycle Surge (Non-Repetitive) On-State Current, Igy (60 Hz) ......... 0.0 ee eee eee eee 13,000 Amperes 
Peak One-Cycle Surge (Non-Repetitive) On-State Current, Iggy (50 Hz)... 2... ee ee eee 12,000 Amperes 
Critical Rate-of-Rise of On-State Current (Non-Repetitive)T. 0.0... ete ee tenes 800 A/ys 
Critical Rate-of-Rise of On-State Current (Repetitive)t 2... 0. ee eee eee 400 A/us 
I’t (for fusing) (for times > 1.5 milliseconds) See Figure 7..........00.000005 340,000 (RMS Ampere)? Seconds 
I’t (for fusing) (at 8.3 milliseconds) .......... 000 cece cece ce eee eee eas 700,000 (RMS Ampere)” Seconds 
Peak Gate Power Dissipation Pay... 1... ec eee ene tee eens 200 Watts @ 40 psec Pulse 
Average Gate Power Dissipation, Pa(ay) .- 6. een eee eee eee ene es 5 Watts 
Storage: Temperatures: Tega ste sls vom eo in Bate eo wy, SORE Rw ge aw Lia kena dine eee weaarean ae draaete Of -40°C to +150°C 
Operating Temperature, Ty 2... ee ee eee eee e ence tenet nenee -40°C to +125°C 
Mounting Force Required... . 1... kc ee te eee et ee ee eee eee 3000 Lbs. + 500 Lbs. — 0 


13.3 KN + 2.2 KN —0 


NOTES: 


+ di/dt ratings established in accordance with EIA-NEMA Standard RS-397, Section 5.2.2.6 for conditions of VpRM <1000 Volts; 20 volts, 
20 ohms gate trigger source with 0.5 ps short circuit trigger current rise time, 
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CHARACTERISTICS 


TEST SYMBOL UNITS TEST CONDITIONS 


Repetitive Peak Reverse IpRM 10 Ty = +25°C, V = Vprm = Vero 
and Off-State Currents and 
IRRM 
Repetitive Peak Reverse IprRM Ty; =+1 25°C, V = VprMm = Vrru 
and Off-State Blocking and 
Currents InRM 
Thermal Resistance Résc Junction-to-Case — Double-Side Cooling 


Critical Rate-of-Rise of 
Off-State Voltage (Higher 
values may cause device 

switching.) 


DC Holding Current 
DC Latching Current 


Turn-On Delay Time 


Gate Pulse Width 
Necessary to Trigger 


DC Gate Trigger Current 
See Figure 10 for 
Recommended Gate 
Drive Conditions 


DC Gate Trigger Voltage 
See Figure 10 


Peak On-State Voltage Vim 


Circuit Commutated 
Turn-Off Time 


dv/dt 200 Ty = +125°C, Rated Vprm During Linear 


Exponential Rising Waveform. Gate Open. 
DRM 
(.632) 


Exponential dv/dt = 


ice 


—— minimum dv/dt selections available — consult factory. 
500 mAdc Tc = +25°C, Anode Supply = 24 Vdc. 
Initial On-State Current = 2 Amps. 
Tc = +25°C, Anode Voltage = 24 Vdc. 
Load Resistance 12 Ohms Max. 
sec Tc = +25°C, Ip = 50 Adc, Gate Supply: 
20 Volts, 20 Ohms, 0.1 usec Max. Rise 
Time 
jusec Tc = +25°C, Gate Supply: 10 Volt Open 
Circuit, 5 Ohms, 0.1 psec Rise Time. 


mAdc +25°C, Vp = 6 Vdc, Ry, = 3 Ohms 
-40°C, Vp = 6 Vdc, Ry = 3 Ohms 
x = +125°C, Vp = 6 Vdc, Ry, = 3 Ohms 
aS = -40°C to +125°C, Vp = 6 Vdc, 
= 3 Ohms 
= +125°C, Vp = Rated VpRM> 
= 1000 Ohms 


Volts = = +25°C, I7 = 3000 Amps Peak. Duty 
Cycle < 0.01% 
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(2) us = 500 Amps. Peak 

(3) Vp = 50 Volts Min. 

(4) vou Reapplied 

(5) Rate-of-Rise of Reapplied Off-State 
Voltage = 20V/usec (linear) 

(6) Commutation di/dt = 25 Amps/psec. 

(7) Repetition Rate = 1 pps. 

(8) Gate Bias During Turn-Off Interval = 
0 Volts, 100 Ohms 


*Consult factory for maximum tg specification. 
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AVERAGE ON~-STATE POWER DISSIPATION - WATTS 


AVERAGE ON-STATE CURRENT - AMPERES 


o° 180° 


ke 
CONDUCTION 
ANGLE 


MAXIMUM ALLOWABLE CASE TEMPERATURE - °C 


400 600 800 1,000 1,200 1,400 


AVERAGE ON~ STATE CURRENT - AMPERES 


1,600 1,800 2,000 


1. MAXIMUM ALLOWABLE CASE TEMPERATURE 
FOR SINUSOIDAL CURRENT WAVEFORM — 
DOUBLE-SIDE COOLED 

10,000 
1,000 
100 

EONDUCTION 

ANGLE 

10 


AVERAGE ON-STATE CURRENT - AMPERES 


3. AVERAGE ON-STATE POWER DISSIPATION 
FOR SINUSOIDAL CURRENT WAVEFORM 


1,200 
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Zze-4 
1,000 xfzo 
wHud 
foo, 
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sew 
2,2 
havo 
Wear 
wirgo 
600 =mrea 
°C/W 
400 0.025 
0.04 
0:05 
395 
200 9-125 
PERCENT DUTY CYCLE = 33 1/3 | 8:23 
USE Rgcg 2 0.005°C/W | 0.30 
_ a ao So | ai 4 A 
10 20 30 40 50 60 70 80 90 


AMBIENT TEMPERATURE - °C 
5. AVERAGE RECTANGULAR ON-STATE 
CURRENT VS. AMBIENT TEMPERATURE 
WHEN USED WITH 
VARIOUS HEAT EXCHANGERS 


AVERAGE ON~-STATE POWER DISSIPATION - WATTS 
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50-60 Hz 
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MAXIMUM ALLOWABLE CASE TEMPERATURE - °C 


\] 
PERCENT N 
40 DUTY. 4 
CYCLE: 
[ 
20 [| 
1 
L pail. 
° 200.400. 600 800 1,000 1,200 1,400 1,600 1,800 2,000 


AVERAGE ON-STATE CURRENT -AMPERES 


2. MAXIMUM ALLOWABLE CASE TEMPERATURE 
FOR RECTANGULAR CURRENT WAVEFORM — 
DOUBLE-SIDE COOLED 


10,000 


1,000 


100 


T+ 


% DUTY CYCLE = 7 


100t | 


1,000 
AVERAGE ON-STATE CURRENT - AMPERES 


4. AVERAGE ON-STATE POWER DISSIPATION 
FOR RECTANGULAR CURRENT WAVEFORM 


10,000 


1,200 
woo 
1,000 2c4 
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AMBIENT TEMPERATURE -°C 


6. AVERAGE HALF SINEWAVE ON-STATE 
CURRENT VS. AMBIENT TEMPERATURE 
WHEN USED WITH 
VARIOUS HEAT EXCHANGERS 
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r24 
(RMS AMPERES )2 
SECONDS x 1000 


PEAK HALF SINE WAVE 
ONSTATE CURRENT 


TRANSIENT THERMAL IMPEDANCE (°C/W) 


100,000 


50,000 
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INSTANTANEOUS ON-STATE CURRENT - AMPERES 


i) 1.0 2.0 


2 3 4 
PULSE BASE WIDTH (MILLISECONDS) 


7. SUB-CYCLE SURGE (NON-REPETITIVE) 
AND I’t RATINGS 


A . 3.0 
INSTANTANEOUS ON-STATE VOLTAGE - VOLTS 


8. MAXIMUM ON-STATE CHARACTERISTICS 


4.0 


INSTANTANEOUS GATE VOLTAGE - VOLTS 


20V-200 


LOAD LINE 


AVAREE 


a ee OS A 


001 ol d ' 10 100 Se 2 3 45 678910 2.0 3.0 405.060 8.010 
TIME (SECONDS) NOTES: INSTANTANEOUS GATE CURRENT - AMPERES 

9. TRANSIENT THERMAL IMPEDANCE — 1. Maximum allowable average gate dissipation = 5 watts. 

JUNCTION-TO-CASE (DOUBLE-SIDE COOLED) 2. The locus of possible DC trigger points lies outside the 


boundaries shown at various case temperatures. 
3. Tp = Rectangular Gate Current Pulse Width. 


10. GATE TRIGGERING CHARACTERISTICS 


KILOAMPERES 


Ty #125°C 


a 


PEAK HALF SINE WAVE ON-STATE CURRENT — 


t 2 3 4 6 8 ite) 
NUMBER OF CYCLES (60 Hz) 


11. MAXIMUM ALLOWABLE SURGE (NON- 
REPETITIVE) ON-STATE CURRENT 
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OUTLINE DRAWING 


T= LENGTH OF |_ a rere | 


STRAIGHT LEAD 


a DECIMAL 
INCHES MM. 
MAX. | MIN. | MAX. 
260) st 6.604) 
130| 2.794] 3.302 
6.223] 


191 | 4.724[ 4.851] 
060] .075] 1.524] 1.905 
1,430] 36.32 
G 1.065) 27.051 
‘H | 2.200] 2. 55.88 | 63.50 
u[ on]. 2.794| 3.483] 
K 3.302 | 
L d 1.524 
M 1.065 
LN | |__.096| 
eP[ 30] 150] 
Q 33.02 
R 2.150 
S| .067! 
T | 12.200] 12 360/309.9 
U ae 153] 3.480| 3.886 


SUGGESTED MOUNTING METHODS FOR PRESS-PAKS TO HEAT DISSIPATORS 


When the Press-Pak is assembled to a heat sink in accord- 
ance with the following general instructions, a reliable and 
low thermal interface will result. 


1. Check each mating surface for nicks, scratches, flatness 
and surface finish. The heat dissipator mating surface 
should be flat within .0005 inch/inches and have a sur- 
face finish of 63 micro-inches. 


2. It is recommended that the heat dissipator mounting 
surfaces be plated with nickel, tin, or silver. Bare alumi- 
num or copper surfaces will oxidize in time resulting in 
excessively high thermal resistance. 


3. Sand each surface lightly with 600 grit paper just prior 
to assembly. Clean off and apply silicon oil (GE 
SF1154, 200 centistoke viscosity) or silicone grease 
(GE G322L or Dow Corning DC 3, 4, 340 or 640). 
Clean off and apply again as a thin film. (A thick film 
will adversely affect the electrical and thermal 
resistances.) 


4. Assemble with the specified mounting force applied 
through a self-leveling, swivel connection. The force 
has to be evenly distributed over the full area. Center 
holes on both top and bottom of the Press-Pak are for 
locating purposes only. 


HEAT SINK SELECTION MADE EASY 


The C440 specification sheet marks the introduction of 
two new characteristic curves which should greatly facili- 
tate heat sink selection. Figures 5 and 6 plot allowable 
average current versus ambient temperature and case-to- 
ambient thermal resistance for the two most frequently 
encountered waveforms, 1/3 duty cycle rectangular current 
and 180° sinusoidal current waveforms. As soon as the 
average forward current and maximum ambient tempera- 
ture are known, the designer can specify a heat sink thermal 
resistance. Note that the graphs span the range of heat sinks 
from water-cooled (R@ca = -03°C/W) to free-air convection 


(Reca = 0.3°C/W). It is possible to linearly interpolate 
between the curves for Rgca. 


These curves have been derived from the following basic 
equation: 


Ty = T, + Pavg x R@sa 
where: Ty = 125°C 


For increased reliability, the usual practice is to derate Ty 
15-30 degrees. Figures 5 and 6 can perform this function 
by the simple expedient of raising T, by a like amount. 
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High Power 
Silicon 
Controlled Rectifier 
1800 Volts 750A Avg. 


AMPLIFYING GATE 


The General Electric C441 Silicon Controlled Rectifier is designed for phase 
control applications. This is an all-diffused Press-Pak device employing the 
field-proven amplifying gate. 


FEATURES: 


High di/dt Ratings 

High dv/dt Capability with Selections Available 

Excellent Surge and I?t Ratings Providing Easy Fusing 

Guaranteed Maximum Turn-Off Time with Selections Available 
Rugged Hermetic Glazed Ceramic Package Having 1” Creepage Path 


IMPORTANT: Mounting instructions on the last page of this specification must be followed. 


MAXIMUM ALLOWABLE RATINGS 
REPETITIVE PEAK OFF-STATE | REPETITIVE PEAK REVERSE | TRANSIENT PEAK REVERSE 
VOLTAGE, Vopam! VOLTAGE, Varu! VOLTAGE, Vasu! 
Ty = -40°C to +125°C Ty = -40°C to +125°C Ty = +125°C 


C441 PC 1300 Volts 1300 Volts 1470 Volts 


C441PD 1400 1400 1580 
C441 PE 1500 1500 1700 
C441PM 1600 1600 1790 
C441PS 1700 1700 1920 
C441PN 1800 1800 2040 


1 Half sinewave waveform, 10 msec max. pulse width. 


Average On-State Current, Ip(qy).- see ee ee eee Depends on Conduction Angle (See Charts 1 and 2) 
Peak One-Cycle Surge (Non-Repetitive) On-State Current, Ipgy, (60 Hz)... 02. ee eee 11,000 Amperes 
Peak One-Cycle Surge (Non-Repetitive) On-State Current, Ipgy (50 Hz) ...........-2 002-0 eee 10,000 Amperes 
Critical Rate-of-Rise of On-State Current (Non-Repetitive)f .. 0.0... ec ee eee eee 150 A/us 
Critical Rate-of-Rise of On-State Current (Repetitive)f 2.0... ee ee ee eens 75 A/us 
I*t (for fusing) (for times > 1.5 milliseconds) See Figure7............-0.0-005 280,000 (RMS Ampere)” Seconds 
I?t (for fusing) (at 8.3 milliseconds) .. 0.0... ee eens 500,000 (RMS Ampere)? Seconds 
Peak Gate Power Dissipation, Pam... 1... cee ee eee eee ee eee 200 Watts @ 40 usec Pulse 
Average Gate Power Dissipation, Pgcay) .. 6. et eee eee eee 5 Watts 
Stotage Dernperatares [gpg si + kha cermin d:ga alah dsrale ce a hws trae Karma REE SD Bs Mek Ease ded -40°C to +150°C 
Operating ‘Teriperatuite, Tj ess.acc. 7 aoe 4a owesran ba arate eek ch hd 4  Reabohal gra acgeeth. Guy aM ice eee -40°C to +125°C 
Mounting Force Required... 2... ee ee ee eee teens 3000 Lbs. — 3500 Lbs. 


13.3 Kn — 15.6 Kn 


NOTE: 


+ di/dt ratings established in accordance with EIA-NEMA Standard RS-397, Section 5.2.2.6 for conditions of VppM <1300V; 20 volts, 20 
ohms gate trigger source with 0.5 us short circuit trigger current rise time. 
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CHARACTERISTICS 


TEST CONDITIONS 
Ty = +25°C, V = Vprm = Vrrm 


Repetitive Peak Reverse 
and Off-State Currents 


Ty = +125°C, V = VprM = VRRM 


Junction-to-Case (Double-Side Cooling) 


Ty = +125°C, 0.8 x Vppm Applied, Using 
Linear Exponential Rising Waveform, Gate 


Open. Vv 
Exponential dv/dt = 0.8 —O°™ 


Repetitive Peak Reverse 
and Off-State Current 


Thermal Resistance R@é3c P= | 


Critical Rate-of-Rise of 
Off-State Voltage (Higher 
values may cause device 

switching) 
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Higher minimum dv/dt selection available — consult factory. 


DC Holding Current $00 mAdc | Tc = +25°C, Anode Supply = 24 Vdc, 
Initial On-State Current = 2 Amps. 

DC Latching Current I dc Tc = +25°C, Anode Voltage = 24 Vdc, 
Load Resistance 12 Ohms Max. 


E 
wn 
> 


Tc = +25°C, Ip = 50 Adc. Gate Supply: 
20 Volts, 20 Ohms, 0.1 usec max. rise time 


sec Tc = +25°C. Gate Supply: 10 Volt Open 
Circuit, 5 Ohms, 0.1 usec rise time 


oO 
~ 
27) 
oO 
Q 


Tc = +125°C, Vp = Rated Vprm, 
Ry, = 1000 Ohms 


Peak On-State Voltage VIM 2.0 Volts | Tc = +25°C, Ip = 3000 Amps. Peak. 
Duty Cycle < 0.01% 


Circuit Commutated To = +125°C 

Turn-Off Time (2) Iym = 500 Amps 

(3) Ve = 50 Volts Min. 

(4) 0.8 Vprm Reapplied 

(5) Rate-of-Rise of Reapplied Off-State 
Voltage = 20 V/psec (linear). 

(6) Commutation di/dt = 25 Amps/usec 

(7) Repetition Rate = 1 pps 

(8) Gate Bias During Turn-Off Interval = 

0 Volts, 100 Ohms 


DC Gate Trigger Current Ior | - | - {150 | mAdc | Tc = +25°C, Vp = 6 Vdc, Ry = 3 Ohms 
Drive Conditions ee ae eee Tc = +125°C, Vp = 6 Vdc, Ry = 3 Ohms 
DC Gate Trigger Voltage Vor 5 Vdc Tc = -40°C to +125°C, Vp = 6 Vdc, 

Se Fae 1 ram ene Ea 


*Contact factory for maximum tq specification. 
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AVERAGE ON- STATE POWER DISSIPATION - WATTS 
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MAXIMUM ALLOWABLE CASE TEMPERATURE - °C 
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AVERAGE ON-STATE POWER DISSIPATION - WATTS 
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AVERAGE ON- STATE CURRENT - AMPERES AVERAGE ON-STATE CURRENT -AMPERES 
3. MAXIMUM ON-STATE POWER DISSIPATION 4. MAXIMUM ON-STATE POWER DISSIPATION 
FOR SINUSOIDAL CURRENT WAVEFORM FOR RECTANGULAR CURRENT WAVEFORM 
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800 PERCENT DUTY CYCLE = 33 1/3 
USE R@cs > 0.005°C/w 
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HEAT EXCHANGER 
THERMAL RESISTANCE 
{CASE TO AMBIENT) 
DOUBLE-SIDE COOLED 
THERMAL RESISTANCE 
{CASE TO AMBIENT) 
DOUBLE-SIDE COOLED 


HEAT EXCHANGER 


AVERAGE ON-STATE CURRENT - AMPERES 
AVERAGE ON-STATE CURRENT - AMPERES 


0.025 
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AMBIENT TEMPERATURE - °C AMBIENT TEMPERATURE -°C 
5. MAXIMUM RECTANGULAR ON-STATE 6. MAXIMUM HALF SINEWAVE ON-STATE 
CURRENT VS. AMBIENT TEMPERATURE CURRENT VS. AMBIENT TEMPERATURE 
WHEN USED WITH WHEN USED WITH 
VARIOUS HEAT EXCHANGERS VARIOUS HEAT EXCHANGERS 
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TRANSIENT THERMAL IMPEDANCE (°C/W) 
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7. SUB-CYCLE SURGE (NON-REPETITIVE) 


ON-STATE AND I’t RATING 


1,000 
500 
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INSTANTANEOUS ON-STATE CURRENT ~ AMPERES 


ie} 1.0 2.0 3.0 4.0 


A . Oo 
INSTANTANEOUS ON-STATE VOLTAGE ~ VOLTS 


8. MAXIMUM ON-STATE CHARACTERISTICS 
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INSTANTANEOUS GATE VOLTAGE - VOLTS 
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2 ryy 
LOAD LINE 


001 01 t 100 Sei 2 3 4 5 67.8910 2.0 3.0 405.060 8.0100 
TIME (SECONDS) NOTES:  'NSTANTANEOUS GATE CURRENT - AMPERES 

9. TRANSIENT THERMAL IMPEDANCE — 1, Maximum allowable average gate dissipation = 5 watts. 

JUNCTION-TO-CASE (DOUBLE-SIDE COOLED) 2. The locus of possible DC trigger points lies outside the 


14 
| 

be 

z 

@ 

& 10 

> 

o 

cm 

E 8 
w 

2 

Sa 

wet 
< 

> 

zo 

e226 

wx 

z 

a 

va 5 

a 

a 

x 

x 

4 

a 


boundaries shown at various case temperatures. 
3. Tp = Rectangular Gate Current Pulse Width. 


10. GATE TRIGGERING CHARACTERISTICS 


St 


Ty 125°C 


2 3 4 6 8 10 
NUMBER OF CYCLES (60 Hz) 


11. MAXIMUM ALLOWABLE SURGE (NON- 
REPETITIVE) ON-STATE CURRENT 
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OUTLINE DRAWING 


T=LENGTH OF 
STRAIGHT LEAD 


C441 
DECIMAL METRIC 
INCHES MM. 

SYM) MIN. MAX. MIN. MAX. 
A 2a 260! 6.096] 6.604] 
B[ 10] 130, 2794[ 3.302 
cl 245 | 6.223 

p| .is6| .191[ 4.724] 4.85! 
E| oso} .o75| 1.524] 1908] 
F 1.430] 36.32 
[6 1.065] 27.051 | 
H| 2.200] 2500] 55.88 Te3.50 | 
vl .oul ois] 2794] 3.483 
k[ 030] 130]. 762| 3.302 | 
L| .osef 060] 1422] 1.524 
M| 1.000] 1.065] 25.40 | 27.05 
n| .o30| .096| .762| 2.438 
P| 130[ .150] 3302] 3810 
a] 1.300] 1.345] 33.02 | 34.16 
R 2.150 54.61 
s | .067| .083| 1.702 | 2.110 
T | 12.200] 12360809.9 1313.9 
ul 137] .153] 3.480! 3.886 


SUGGESTED MOUNTING METHODS FOR PRESS-PAKS TO HEAT DISSIPATORS 


When the Press-Pak is assembled to a heat sink in accord- 
ance with the following general instructions, a reliable and 
low thermal interface will result. 


1. Check each mating surface for nicks, scratches, flatness 


and surface finish. The heat dissipator mating surface 
should be flat within .0005 inch/inch and have a sur- 
face finish of 63 micro-inches. 


. It is recommended that the heat dissipator mounting 
surfaces be plated with nickel, tin, or silver. Bare alumi- 
num or copper surfaces will oxidize in time resulting in 
excessively high thermal resistance. 


3. Sand each surface lightly with 600 grit paper just prior 
to assembly. Clean off and apply silicon oil (GE 
SF1154, 200 centistoke viscosity) or silicone grease 
(GE G322L or Dow Corning DC 3, 4, 340 or 640). 
Clean off and apply again as a thin film. (A thick film 
will adversely affect the electrical and thermal 
resistances.) 


Assemble with the specified mounting force applied 
through a self-leveling, swivel connection. The force 
has to be evenly distributed over the full area. Center 
holes on both top and bottom of the Press-Pak are for 
locating purposes only. 


HEAT SINK SELECTION MADE EASY 


The C441 specification sheet marks the introduction of 
two new characteristic curves which should greatly facili- 
tate heat sink selection. Figures 5 and 6 plot allowable 
average current versus ambient temperature and case-to- 
ambient thermal resistance for the two most frequently 
encountered waveforms, 1/3 duty cycle rectangular current 
and 180° sinusoidal current waveforms. As soon as the 
average forward current and maximum ambient tempera- 
ture are known, the designer can specify a heat sink thermal 
resistance. Note that the graphs span the range of heat sinks 
from water-cooled (Rac = -03°C/W) to free-air convection 
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(Reca = 0.3°C/W). It is possible to linearly interpolate 
between the curves for Racca. 
These curves have been derived from the following basic 
equation: 
Ty = Ta + Pave X R@sa 
where: Ty = 125°C 


For increased reliability, the usual practice is to derate Ty 
15-30 degrees. Figures 5 and 6 can perform this function 
by the simple expedient of raising Ta by a like amount. 


The General Electric C444 and C445 Silicon Controlled Rectifiers are de- 
signed for power switching at high frequencies. These are all-diffused Press- 
Pak devices employing the field-proven interdigitated amplifying gate system. 


FEATURES: 


oe HIGH SPEED 


INNOVATIONS se oo C444 /C445 
nea )) Silicon Controlled Rectifier 
SEMICONDUCTORS 
600 Volts 1100A RMS AMPLIFYING GATE 


Interdigitated gate structure to maximize high frequency current switching 
capability. 

Fully characterized for operation in inverter applications. 

High di/dt ratings. 

High dv/dt capability with selections available. 

Guaranteed maximum turn-off time with selections available. 

Rugged hermetic glazed ceramic package having 1” creepage path. 


SINUSOIDAL WAVEFORM 
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Equipment designers can use the C444/C445 SCR in demanding applications, such as: 


e Choppers e Sonar Transmitters e Cycloconverters 
e Inverters e UPS e DC to DC Converters 
e Regulated Power Supply e Induction Heaters e High Frequency 


FOR SINE WAVE OPERATION 
Like the Types C358, C385, C388, C395 and C398, the C444/C445 SCR is Rated For: 


e Peak Current e Frequency 
vs. 
e Pulse Width e Case Temperature 
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MAXIMUM ALLOWABLE RATINGS €444/C445 


REPETITIVE PEAK ! REPETITIVE PEAK ! NON-REPETITIVE PEAK 1 
OFF-STATE VOLTAGE REVERSE VOLTAGE REVERSE VOLTAGE 


Vorm VRRAM VrRsm 
Ty = -40°C to +125°C Ty = -40°C to +125°C Ty = +125°C 


C444/C445A 100 Volts 100 Volts 150 Volts 
C444/C445B 200 200 300 
C444/C445C 300 300 400 
C444/C445D 400 400 500 
C444/C445E 500 500 600 
C444/C445M 600 600 720 


1 Half sinewave waveform, 10 ms max. pulse width. 


Peak One Cycle Surge (Non-Repetitive) On-State Current, Iggy 2... eee 12,000 Amperes 
I*t (for fusing) for times > 1.5 milliseconds ... 2.00... 0. ee 190,000 (RMS Ampere)? Seconds 
I°t (for fusing) for times > 8.3 milliseconds ..........20 00000 eee eee eee 600,000 (RMS Ampere)? Seconds 
Critical Rate-of-Rise of On-State Current, Non-Repetitivev.. 2.00. 0. eens 800 A/ps 
Critical Rate-of-Rise of On-State Current, Repetitivey... 0... 0. ees 500 A/us 
Average Gate Power Dissipation, Pg(av) ---- eee een eee 2 Watts 
Storage Temperature, Typg 2-0 eee -40°C to +150°C 
Operating Temperature, Ty 2.00... tee eee -40°C to +125°C 
Mounting Force Required... 2.2... ee ee eee ee 3000 Lbs. + 500 Lbs. — 0 Lbs. 


13.3 KN + 2.2 KN -O KN 


+di/dt ratings established in accordance with EIA-NEMA Standard RS-397, Section 5.2.2.6 for conditions of max. rated VpRM; 20 volts, 
20 ohms gate trigger source with 0.5us short circuit trigger current rise time. 


CHARACTERISTICS 


ee ee ee eee 


Repetitive Peak Reverse 
and Off-State Current 


Repetitive Peak Reverse 
and Off-State Current 


Critical Rate-of-Rise of Ty = +125°C, Gate Open. Vprm = 
Off-State Voltage (Higher Rated, linear or exponential 
values may cause device waveform. 


switching) Exponential dv/dt = DEM (.632) 


Higher minimum dv/dt selections available — consult factory. 


DC Gate Trigger Current Tc= +25°C, Vp = 10 Vde, Ry = 1 ohm 


-40°C, Vp = 10 Vde, Ry = 1 ohm 


Tc = +125°C, Vp = 10 Vde, Rp =1 ohm 


DC Gate Trigger Voltage . Te = +25°C to +125°C, Vp = 10 Vdc, Ry = 
1 ohm 


Tc = -40°Cto +25°C, Vp =10 Vdc, Ry = 
1 ohm 


= 125°C, Vopr; Ry = 1000 ohms 


C444/C445 


Peak On-State Peeorer | 


acai Circuit Com- 
mutated Turn-Off Time 
(with Reverse Voltage) 


C444 
C445 


Conventional Circuit Com- 
mutated Turn-Off Time 
(with Feedback Diode) 


C444 
C445 


tConsult factory for maximum turn-off time. 


cs = Tc = +25°C, Ipm = 2000 Amps. peak. Duty 
cycle <.01% 


usec 
10 
20 
usec 
idiie 
15 
25 


Se anaes 


| UNITS | TEST CONDITION 


To = +125°C 

(2) Itm = 500 Amps. 

(3) Vp =50 Volts min. 

(4) Vprm Reapplied 

(5) Rate-of-Rise of reapplied off-state 
voltage = 200 V/usec (linear) 

(6) Communication di/dt = 25 Amps/usec 

(7) Repetition rate = 1 pps. 

(8) Gate bias during turn-off interval = 0 

volts, 100 ohms 


To = +125°C 

(2) Iym = 500 Amps. 

(3) Vp = 1.5 Volts 

(4) Vprm Reapplied 

(5S) Rate-of-Rise of reapplied off-state 
voltage = 200 V/usec (linear) 

(6) Commutation di/dt = 25 Amps/tusec 

(7) Repetition rate = 1 pps. 

(8) Gate bias during turn-off interval = 0 
volts, 100 ohms 


SINE WAVE CURRENT RATING DATA 
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PEAK ON-STATE CURRENT - AMPERES 


lo 100 1,000 
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1. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. PULSE WIDTH (Te = 65°C) 


10,000 Saas oes os ct cite os ow oe Sot toe es EE! 


PEAK ON-STATE CURRENT - AMPERES 


PULSE BASEWIDTH - 4S 


2. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. PULSE WIDTH (Te = 90°C) 


WATT - eae 
PER Hirer 


= 


1,000 


NOTES: 
(Pertaining to Sine and Trapezoidal Wave 


Current Ratings) 


1. Switching voltage < 400 volts. 


Reverse voltage < 400 volts. 
R-C Snubber/5Q, .25uf 


PEAK ON-STATE CURRENT - AMPERES 


Double-side cooled. 


a Pwr 


See chart for required gate drive. 


10 Lele) 


1,000 10,000 


PULSE BASEWIDTH - nS 


3. ENERGY PER PULSE FOR SINUSOIDAL 


PULSES 978 


PEAK ON-STATE CURRENT -AMPERES 


PEAK ON-STATE CURRENT - AMPERES 


PEAK ON-STATE CURRENT -AMPERES 


TRAPEZOIDAL WAVE CURRENT RATING 
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a | 
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ian ial Nat ime 
FHSS 


Vsgw 2 400V, 52, .25uF 
Vr < 400V 
Toase * 65°C 
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4. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. PULSE WIDTH (Tc = 65°C) 


a ® 100A/pS, -di/dt = 100A/pS 
Vew * 400V, 52, .25uF 


10 100 1000 10000 
PULSE BASE WIDTH-wS 


5. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. PULSE WIDTH (Tc = 90°C) 


SQUARE WAVE 
+di/dt = 100AS HT aT NN 
~di/dt = cov. Ty iN 
Vsw = 400V 


ann 
52, .25 uF 
Vp < 400V HS 


whe SS SBculi 
Ss t 


a 
t] 
a 
J 
. 

LY 


10 WIN M9600 


PULSE BASE WIDTH-wSs 


6. ENERGY PER PULSE VS. PEAK CURRENT 
AND PULSE WIDTH 
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C444/C445 
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C444/C445 
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7. MAXIMUM ON-STATE CHARACTERISTICS 
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8. TRANSIENT THERMAL IMPEDANCE — 
JUNCTION-TO-CASE 


RECOVERED CHARGE 


t tie) 100 1,000 
REVERSE DI/DT -AMPERES/MICROSECOND 


10. TYPICAL RECOVERED CHARGE (125°C) 


NOTES: 
1. The locus of possible DC trigger points lies outside the 
boundaries shown at various case temperatures. 
2. Tp = rectangular gate current pulse width. 
3. 20V-202 is the minimum gate source loadline when 
rate of circuit current rise > 100 Amp/usec. Maximum 


long-term repetitive anode di/dt = 500 Amps/usec. 
with 20V-202 gate source, 


11. GATE TRIGGER CHARACTERISTICS 
AND POWER RATINGS 
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OUTLINE DRAWING 


STRAIGHT LEAD 


T= LENGTH OF i eS aes ne | | 


C444/C445 


DECIMAL METRIC 


53] 3.480 


SUGGESTED MOUNTING METHODS FOR PRESS-PAKS TO HEAT DISSIPATORS 


When the Press-Pak is assembled to a heat sink in accord- 


ance with the following general instructions, a reliable and 
low thermal interface will result. 


1. 


Check each mating surface for nicks, scratches, flatness 
and surface finish. The heat dissipator mating surface 
should be flat within .0005 inch/inches and have a sur- 
face finish of 63 micro-inches. 


It is recommended that the heat dissipator be plated 
with nickel or tin. Bare aluminum or copper surfaces 
will oxidize in time resulting in excessively high thermal 
resistance. 
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3. Sand each surface lightly with 600 grit paper just prior 


to assembly. Clean off and apply silicon oil (GE 
SF1154, 200 centistoke viscosity) or silicone grease 
(GE G322L or Dow Corning DC 3, 4, 340 or 640). 
Clean off and apply again as a thin film. (A thick film 
will adversely affect the electrical and thermal 
resistances.) 


. Assemble with the specified mounting force applied 


through a self-leveling, swivel connection. The force 
has to be evenly distributed over the full area. Center 
holes on both top and bottom of the Press-Pak are for 
locating purposes only. 


HIGH SPEED 


Silicon 
Controlled Rectifier 


1200 Volts, 1000 AmpsRMS = “YE **E 
een 


The General Electric C447 and C448 Silicon Controlled Rectifiers are de- 
signed for power switching at high frequencies. These are all-diffused Press- 
Pak devices employing the field-proven, interdigitated amplifying gate 
system. 


FEATURES: 


e Interdigitated gate structure to maximize high frequency current switching 
capability. 

Fully characterized for operation in inverter applications. 

High di/dt ratings. 

High dv/dt capability with selections available. 

Guaranteed maximum turn-off time with selections available. 

Rugged hermetic glazed ceramic package having 1” creepage path. 
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Equipment designers can use the C447/C448 SCR in demanding applications, such as: 


e Choppers e Sonar Transmitters e Cycloconverters 
e Inverters e Induction Heaters e DC to DC Converters 
e Regulated Power Supplied e Radio Transmitters e High Frequency 


FOR SINE WAVE OPERATION 
Like the Types C358, C385, C388, C395 and C398, the C447/C448 SCR is rated for: 


e Peak Current e Frequency 
VS. 
e Pulse Wdith e Case Temperature 
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C447/C448 


MAXIMUM ALLOWABLE RATINGS 


REPETITIVE PEAK OFF-STATE | REPETITIVE PEAK REVERSE NON-REPETITIVE PEAK 
VOLTAGE, Vopru! VOLTAGE, Varm! REVERSE VOLTAGE, Vasu! 
Ty = -40°C to +125°C Ty = -40°C to +125°C Ty = +125°C 


C447/C448E 500 Volts 500 Volts 600 Volts 
C447/C448M 600 600 720 


C447/C448S 700 700 840 
C447/C448N 800 800 960 
C447/C448T 900 900 1080 
C447/C448P 1000 1000 1200 
C447/C448PA 1100 1100 1300 
C447/C448PB 1200 1200 ; 1400 


1 Half sinewave waveform, 10 ms max. pulse width. 


Peak One-Cycle Surge (Non-Repetitive) On-State Current, Ipsm ---- +--+ esc 10,000 Amperes 
I’t (for fusing) for times > 1.5 milliseconds... . 1. e+e eee e rere ett 190,000 (RMS Ampere)” Seconds 
I?t (for fusing) for times > 8.3 milliseconds... ..-- +++ sree eee reer 415,000 (RMS Ampere)? Seconds 
Critical Rate-of-Rise of On-State Current, (Non-Repetitive)f....- 6 eee eet 800 A/ys 
Critical Rate-of-Rise of On-State Current, (Repetitive)f. 6... - ee ee ee tee 500 A/ys 
Average Gate Power Dissipation, Pg(avy-- +--+ - rect ttt tresses esses ss 2 Watts 
Storage Temperature, Tyig 2-2 cece eee ee rete rete e tear n eer as crce sees eee es -40°C to +150°C 
Operating Temperature, Ty 2... 6c ccc eee eee eee eee eect e nner e nana esses -40°C to +125°C 
Mounting Fore: ins chaaien swear teh eee oe were MEE Pa eRe ee 3000 Lb. + 500 Lb. — 0 Lb. 


+ di/dt ratings established in accordance with EIA—NEMA, Standard RS-397, Section 5.2.2.6 for conditions of max. rated VpRM; 20 volts, 
20 ohms, gate trigger source with 0.5us short circuit trigger current rise time. 
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C447/C448 


Repetitive Peak Reverse 
and Off-State Current 


Repetitive Peak Reverse 
and Off-State Current 


Thermal Resistance 


Critical Rate-of-Rise of 
Off-State Voltage 


(Higher values may cause 


device switching) 


CHARACTERISTICS 


TEST CONDITION 


Ty = +125°C, Gate Open. 80% of Vprm 
Reapplied, Linear or Exponential Rising 
Waveform. 


Vv 
Exponential dv/dt = BEM 


(.632) 


DC Gate Trigger Current 


DC Gate Trigger 


Conventional Circuit 
Commutated Turn-Off 
Time (with Reverse 
Voltage) 


C448 
C447 


Conventional Circuit 
Commutated Turn-Off 
Time (with Feedback 
Diode) 


C448 
C447 


3.0 


tq 
25 
40 
tq(diode) 
25 + 
40 + 


= ~ ca nee a ae ae 


+ Consult factory for maximum turn-off time. 
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mAdc 


Tc = +25°C, Vp = 6 Vdc, Ry = 3 Ohms 
Tc = -40°C, Vp = 6 Vdc, Ry = 3 Ohms 


To = +125°C, Vp = 6 Vdc, Ry, = 3 Ohms 


Tc = 25°C to +125°C, Vp = 6 Vdc, 
Ru = 3 Ohms 
Tc = -40°C to 
“ = 3 Ohms 


25°C, Vp = 6 Vdc, 


= 125°C, Vprm, Ry = 1000 Ohms 


To = +25°C, Ipm = 2000 Amps. Peak. 
Duty Cycle < .01 % 


To = +125°C 
Iym = 500 Amps. 

= 50 Volts Min. 
80% of VpRM Reapplied 
Rate-of-Rise of Reapplied Off-State 
Voltage = 400 V/usec (linear). 
Commutation di/dt = 25 Amps/ysec 
Repetition Rate = 1 pps. 
Gate Bias During Turn-Off Interval = 
0 Volts, 100 Ohms. 


To = +125°C 
Iyq = 500 Amps. 

= 1.5 Volts 
80% of Vprm Reapplied 
Rate-of-Rise of Reapplied Off-State 
Voltage = 400 V/usec (linear). 
Commutation di/dt = 25 Amps/usec 
Repetition Rate = 1 pps 
Gate Bias During Turn-Off Interval = 
0 Volts, 100 Ohms 


C447/C448 


SINEWAVE CURRENT RATING DATA 
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2. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. PULSE WIDTH (Tc = 90°C) 


PEAK ON-STATE CURRENT - AMPERES 


Vgq 7800V 


|| 18a, O.25p¢ 
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Xen | 3. ENERGY PER PULSE FOR SINUSOIDAL 
500 | 3 PULSES 

wa NOTES: 

\ | 1. Switching Voltage < 800 Volts. 

2. Reverse Voltage Applied = VR <800 Volts. 

3. R-C Snubber Circuit = .25uf, 152 

4. Double-Side Cooled. 
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TRAPEZOIDAL WAVE CURRENT DATA 
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CURRENT VS. PULSE WIDTH (Tc = 65°C) 
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5. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. PEAK WIDTH (Tg = 90°C) 
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6. ENERGY PER PULSE FOR TRAPEZOIDAL 
PULSES 
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NOTES: 
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2. Reverse Voltage < 800 Volts. 
3. 

4. Double-Side Cooled 


Switching Voltage < 800 Volts. 


R-C Snubber Circuit = 15Q, 25 


TRAPEZOIDAL WAVE CURRENT DATA C447/C448 
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7. MAXIMUM ALLOWABLE ON-STATE 
CURRENT VS. PULSE WIDTH WITH 
ANTI-PARALLEL DIODE (Tg = 65°C) 
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8. MAXIMUM ALLOWABLE ON-STATE 
CURRENT VS. PULSE WIDTH WITH 
ANTI-PARALLEL DIODE (Tg = 90°C) 
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9. ENERGY PER PULSE FOR SINUSOIDAL 
PULSES WITH ANTI-PARALLEL DIODE 
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10. ON-STATE CONDUCTION CHARACTERISTIC 
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12. SUB-CYCLE SURGE (NON-REPETITIVE) 
ON-STATE CURRENT AND I*t RATING 
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11. TRANSIENT THERMAL IMPEDANCE — 
JUNCTION-TO-CASE 
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13. TYPICAL RECOVERED CHARGE (125°C) 


NOTES: 

1. The locus of possible dc trigger points lies outside the 
boundaries shown at various case temperatures. 

2. Tp = rectangular gate current pulse width. 

3. 20V — 20 is the minimum gate source load line when 
rate of circuit current rise > 100 amp/us. Maximum 
long term repetitive anode di/dt = 500 amps/us with 
20V — 202 gate source. 


14. GATE TRIGGER CHARACTERISTICS 
AND POWER RATINGS 
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HIGH SPEED 


Silicon Controlled Rectifier 


1800 VOLTS 850 A RMS 


AMPLIFYING GATE 


The General Electric C449 Silicon Controlled Rectifier is designed for power 
switching at high frequencies. This is an all-diffused Press-Pak device employ- 
ing the field-proven interdigitated amplifying gate system. 


FEATURES: 


¢ Interdigitated Gate Structure to Maximize High Frequency Current Switching 
Capability. 

Fully Characterized for Operation in Inverter Applications. 

High di/dt Ratings. 

High dv/dt Capability with Selections Available. 

Guaranteed Maximum Turn-Off Time with Selections Available. 

Rugged Hermetic Glazed Ceramic Package Having 1” Creepage Path. 


MAXIMUM ALLOWABLE RATINGS 


REPETITIVE PEAK OFF-STATE | REPETITIVE PEAK REVERSE NON-REPETITIVE PEAK 
VOLTAGE, Vprm! VOLTAGE, Varn! REVERSE VOLTAGE, Vasy! 
Ty = -40°C to +125°C Ty = -40°C to +125°C Ty = +125°C 


C449PN 1800 Volts 1800 Volts 2040 Volts 
C449PS 1700 1700 1920 
C449PM 1600 1600 1790 
C449PE 1500 1500 1700 


1 Half sinewave waveform, 10 ms max. pulse width. 
Consult factory for lower rated voltage devices, 


Peak One Cycle Surge (Non-Repetitive) On-State Current, Igy... 0 ec ee ccc cece nee 6,500 Amperes 
Critical Rate-of-Rise of On-State Current, Non-Repetitivet... 20.00.00. ccc cece eee ccc eennas 500 A/us 
Critical Rate-of-Rise of On-State Current, Repetitivet. 2... 0 0 ec eee e cece ennes 300 A/us 
Average Gate Power Dissipation, PG CAV) eet as ioe CA eS at aS Bde Wed de alone ghia eed 9 bebe depen es 5 Watts 
Storage ‘Temperature, 1 ope0 5 wail ag ea Sols nite oa s Aoeld aged See AE ERM aes Coa ed bol Le -40°C to +150°C 
Operating Temperature, Ty... 0. cece teen ebb eee ence eeeae -40°C to +125°C 
Mounting Force Required... 2... eee eee teen ene eeeae 3000 Lb. + 500 Lb. —O Lb. 


13.3 KN + 2.2 KN—O KN 


¢di/dt ratings established in accordance with ELA-NEMA Standard RS-397, Section 5.2.2.6 for conditions of 80% max. rated VDRM; 20 volts, 
20 ohms gate trigger source with 0.5ys short circuit trigger current rise time 
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Repetitive Peak Reverse 
and On-State Current 


Repetitive Peak Reverse 
and Off-State Blocking 
Current 


Thermal Resistance 


Critical Linear Rate-of- 
Rise of Off-State Voltage 
(Higher values may cause 
device switching) 


CHARACTERISTICS 


Gate Trigger Current 


Gate Trigger Voltage 


Conventional Circuit 
Commutated Turn-Off 
Time (with Reverse 
Voltage) 


C449 — 60 
C449 — 40 


Conventional Circuit 
Commutated Turn-Off 
Time (with Feedback 
Diode) 


C449 — 60 
C449 — 40 


+Consult factory for maximum turn-off time. 


Volts 
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TEST CONDITIONS 
Ty = +25°C, V = Vprm = Vrrm 


Ty = +125°C, V = VproM = Vrrm 


Junction-to-Case — Double-Side Cooled 


Ty = +125°C, Vprm =.80 Rated, Gate 
Open. Exponential or linear rising wave- 
form. Exponential di/dt = .8Vppm (.632)/7 


To = +25°C, Vp = 6 Vdc, Ry = 3 Ohms 
Cc 


Tc = +125°C, Vp = 6 Vdc, Ry = 3 Ohms 
T 


c = 25°C to +125°C, Vp = 6 Vdc, 
Ry, = 3 Ohms 


Tc = -40°C to 25°C, Vp = 6 Vde, 
Ry = 3 Ohms 


Tc = 25°C, Ip = 2000 Amps. Peak. 
Duty Cycle < 0.01%. 


Te = +125°C 

I~m = 500 Amps. 

Vp > 50 Volts 

80% of Vprm Reapplied 
Rate-of-Rise of Off-State Voltage = 
200 V/usec. 

Gate Bias = Open During Turn-Off 
Interval, 0 Volts, 100 Ohms 

Duty Cycle < .01% 


To = +125°C 

Ipm = 500 Amps. 

Vr = 2 Volts, Minimum 

80% of Vprm Reapplied 
Rate-of-Rise of Off-State Voltage = 
200 V/usec. 

Gate Bias = Open During Turn-Off 
Interval 

Duty Cycle < .01% 


PEAK ON-STATE CURRENT - AMPERES 
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SWITCHING VOLTAGE = I400V 
REVERSE VOLTAGE S$ 50Vv 
RC SNUBBER = 152, 0.25 uF 
DOUBLE SIDE COOLED 


1000 
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1. PEAK ON-STATE CURRENT VS. PULSE 
WIDTH FOR Tc = 65 C 


INSTANTANEOUS ON-STATE CURRENT-AMPERES 
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2. MAXIMUM ON-STATE CHARACTERISTICS 


OUTLINE DRAWING 
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SUGGESTED MOUNTING METHODS FOR PRESS-PAKS TO HEAT DISSIPATORS 


When the Press-Pak is assembled to a heat sink in accord- 
ance with the following general instructions, a reliable and 


low 


1. 


thermal interface will result. 


Check each mating surface for nicks, scratches, flatness 
and surface finish. The heat dissipator mating surface 
should be flat within .0005 inch/inches and have a sur- 
face finish of 63 micro-inches. 


. It is recommended that the heat dissipator mounting 


surfaces be plated with nickel, tin, or silver. Bare alumi- 
num or copper surfaces will oxidize in time resulting in 
excessively high thermal resistance. 
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3. Sand each surface lightly with 600 grit paper just prior 


to assembly. Clean off and apply silicon oil (GE 
SF1154, 200 centistoke viscosity) or silicone grease 
(GE G322L or Dow Corning DC 3, 4, 340 or 640). 
Clean off and apply again as a thin film. (A thick film 
will adversely affect the electrical and thermal 
resistances.) 


. Assemble with the specified mounting force applied 


through a self-leveling, swivel connection. The force 
has to be evenly distributed over the full area. Center 
holes on both top and bottom of the Press-Pak are for 
locating purposes only. 


R | cot 


550 A Avg. up to 1800V 


AMPLIFYING GATE 


The C501 Series of high power devices feature the proven, multi-diffused 
construction in a new, larger, pressure-mounted package. 


FEATURES: 


Short Delay Time 

Pressure Contacts 

Glazed Ceramic Package with 1” Creepage Path 

Reversibility (eliminates need for special reverse polarity units) 
Hermetic Seal 

Available in Factory Assembled Heat Exchangers or Ready-to-Mount 
Higher di/dt Rating 


IMPORTANT: Mounting instructions on the last page of this specification must be followed. 


MAXIMUM ALLOWABLE RATINGS 


REPETITIVE PEAK OFF-STATE | REPETITIVE PEAK OFF-STATE TRANSIENT PEAK REVERSE 


AND REVERSE VOLTAGE, AND REVERSE VOLTAGE, VOLTAGE (NON-RECURRENT 
Vorm/Varo! Vorm/Varo! <5 MSEC.), Vasu 
Ty = -40°C to +125°C Ty = 0°C to +125°C Ty = -40°C to +125°C 

C5018 700 Volts 800 Volts 800 Volts 

C501N 800 900 900 

CSOLT 900 1000 1000 

C501P 1000 1100 1100 

CS5OIPA 1100 1200 1200 

C501PB 1200 1300 1300 

C501 PC 1300 1400 1400 

C501PD 1400 1500 1500 

C501 PE 1500 1600 1600 

C501 PN -1600 1700 1700 

C501PS 1700 1800 1800 
Average Forward Current, On-State ....... 0.020202 ee eee eee Depends on Conduction Angle (See Charts 1 and 3) 
Peak One-Cycle Surge On-State Current, Ipgy ..- ee ee eee eee 8000 Amperes 
Maximum Rate-of-Rise of Anode Current Turn-On Interval (See Chart 11) 

(Switching Rates < 60 Hz)... 22. eens Switch From < 500V 175A/usec 


E caitattse di haas Haat ioe ke Biawa ay ahior ee Ae ER acanahiemehs neta Switch From <1000V 100A/ysec 
Bh a tS sonia we Segrehs eng Sg basses aoe eo 4 ke aia kee Switch From <1300V 80A/usec 


I?t (for fusing) (for times > 1.5 milliseconds) ..... 2.0.0... cece eens 130,000 Ampere? Seconds 
l’t(for fusing), (at 8 3 milliseconds) s. 243-9 n5-o oie as ee, Sy See eae ee 260,000 Ampere” Seconds 
Peak Gate Power Dissipation, Pgy ..- 2... ec ee ee ee eee ee eee tee 25 Watts 
Average Gate Power Dissipation, Pg(ay) ...-- ee ee nee eee eee 5 Watts 
Peak Reverse Gate Voltage, VoRM ..-. cc ee te te tee ee 5 Volts 
Storage Temperature, Tepcacc20 3.228 cake eee QR Swe ERROR Ve wee oe ee ae -40°C to +125°C 
Operating Temperature, Ty 2... ee ee ee eee -40°C to +125°C 
Mounting Force Required... 0... eee ee eet et te eee eee 2200 Lbs. + 10% 

8.9 KN + 10% 


1 Assumes heat dissipator thermal resistance less than 1°C/W. 
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c 


MAXIMUM ALLOWABLE SINK TEMPERATURE - ° 


Peak Reverse and Forward 
Blocking Current 


Peak Reverse and On- 
State Blocking Current 


Effective Thermal Resist- 
tance. Junction-to-Case 


Critical Exponential Rate- 
of-Rise of Forward Block- 
ing Voltage (Higher values 
may cause device swit ching) 


Gate Pulse Width 
Necessary to Trigger 


Gate Trigger Voltage 


Circuited Commutated 
Turn-Off Time 


3B 
° 


CHARACTERISTICS 


TEST CONDITIONS 
Ty = +25°C, V = Vprm = Vrrm 


3 
> 


3 
> 


Ty = +125°C, V = VprmM = VrrM 


°C/Watt | Junction-to-Case — Double Side Cooling 
(DC) 


Ty = +125°C, Vprm = 0.8 Rated, 
Gate Open. 


mAdc | To = +25°C, Anode supply = 20 Vdc. 
Initial forward current = 500 amps. 


Adc To = +25°C, Anode supply = 24 Vdc, Load 
resistance 12 ohms max. 


Te = +25°C, Bias voltage = 960V, Gate 
supply: 20V, 10 ohms, 0.5 usec max. 
rise time. 


To = +25°C. Gate Supply: 10 volt open 
circuit, 5 ohm, 0.1 psec rise time. 


Tc = +25°C, Vp = 10 Vdc, Ry, = 3 ohms 


50 TO 400 HZ. 


aoe | 
SINGLE - SIDE COOLING 
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FOR SINUSOIDAL CURRENT WAVEFORM 
(SINGLE-SIDE COOLED) 
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Tc = -40°C, Vp = 10 Vdc, Ry = 3 ohms 
Te = +120°C, Vp = 10 Vdc, Ry = 3 ohms 


Tc = -40°C to +125°C, Vp = 10 Vdc, 
R, = 3 ohms 


Te =+1 25°C; Vp = Rated, R = 
1000 ohms 


Volts | Te = +25°C, Ip = 1000 amps. peak. 
Duty cycle < 0.01% 


usec To = +125°C 

Iz = 450 Amps. 

Vr = 75 Volts min. 

0.5 Vprm Reapplied 

Rate-of-rise of reapplied forward block- 
ing voltage = 25V/usec (linear) 

Gate bias during turn-off interval, 
Duty cycle < 0.01% 
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SINGLE-SIDE COOLING 
120 80 TO 400 HZ. 
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AVERAGE FORWARD POWER DISSIPATION - WATTS 
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PEAK ON-STATE SURGE 
CURRENT - AMPERES 


4 


GATE 


17+ RATING 
KILO AMPERE2 SECOND 


TRANSIENT THERMAL 1MPE DANCE 


001 
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PULSE BASE WIDTH, ft 


Pp IN- MILLISECONDS 


9. SUB-CYCLE SURGE AND I*t RATING 
FOLLOWING RATED LOAD CONDITIONS 


~ | it _\ 
NT POSSIBLE oc a 


aa k THOGERIN 
25° 
20 At 
- 
1 SOURCE LOADLINES 
14V/380. | 20V/10 


nt 2 4 6 81 6 8.10. 
INSTANTANEOUS GATE CURRENT- AMPERES 
11. GATE TRIGGERING CHARACTERISTICS 
08 = 
Pott 


“Time - SECONDS 
13. TRANSIENT THERMAL IMPEDANCE — 
JUNCTION-TO-CASE 
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PEAK SINE WAVE FORWARD CURRENT -KILOAMPERES 


t 2 4 6 8 10 20 40 
CYCLES AT60Hz 


10. MAXIMUM ALLOWABLE SURGE CURRENT 
FOLLOWING RATED LOAD CONDITIONS 


INSTANTANEOUS ON-STATE CURRENT —AMPERES 


100, 


STARE OU Bae see VOLTAGE -VOLTS 
12. FORWARD CONDUCTION CHARACTERISTIC 


(ON-STATE) 


NOTES: 


1. Add .01°C/W. to account for both case to dissi- 
pator interfaces when properly mounted; e.g., R@ys 
= 06°C. 

2. DC Thermal Impedance is based on average full cycle 
junction temperature. Instantaneous junction tempera- 
ture may be calculated using the following modi- 
fications: 
® end of conducting portion of cycle 

— 120° sq. wave add .0065°C/W along entire curve 

— 180° sq. wave add .0047°C/W along entire curve 

— 180° sine wave add .0026° C/W along entire curve 
® end of full cycle 

— any wave, subtract .0026°C/W along entire curve 


[,500 


SWITCHING VOLTAGE 


14. 


x | C501 | 
MIN. SNUBBER RESISTANCE ( ohms } se NOTES: 501 


=a 40 
\ Code: 4+444+4+4+- Non-Repetitive High Gate Drive 
al ‘amatiaaled Repetitive High Gate Drive 
eens Non-Repetitive Low Gate Drive 
epee Repetitive Low Gate Drive 
= Low Gate Drive High Gate Drive 
Source 14/35 ohms 20V/10 ohms 
| avere Pulse Width, tp > 20 pls > 10 Us 
Current Rise Time, t, <2 <S0.5 Us 
*Permissible circuit di/dt excluding snubber discharge. Re- 
petitive di/dt is recommended maximum condition 
to achieve most industria! requirements for service life. It 
meets or exceeds the JEDEC test requirements for certi- 
fication set forth in NEMA Std. Sk. 516 (1972). Non- 


repetitive di/dt meets the JEDEC 5 sec. rating. 
**Snubber discharge, is, is treated separately using the mini- 


i mum value of snubber resistance indicated above. This 
100 150 200 A/ps applies for tong industrial life (20 — 30 years) in combi- 
CIRCUIT COMMUTATING  di/dt nation with circuit di/dt. 


ALLOWABLE REPETITIVE AND.NON-REPETITIVE IN-RUSH CURRENT (DI/DT*) AND REQUIRED SNUBBER 
RESISTANCE FOR VARYING LEVELS OF SWITCHING VOLTAGE 


OUTLINE DRAWING 


TABLE OF DIMENSIONS 
Conversion Table 


CATHODE 
0) DECIMAL INCHES 
: MIN. | MAX. 
0.200 {| 0.240 
3) 6) 0.140 
@) 
ANODE 


NOTES: 
1. Glazed Ceramic Insulator With 1.00 Inch Minimum Surface Creepage. 
(25.40 MM) 


TERMINAL @) 
PLATED SURFACE 


$a ata TERMINAL @ 


(WHITE WIRE) 


TERMINAL @) 
(RED WIRE) 
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C501 
ASSEMBLY OF PRESSPAKS TO HEAT DISSIPATORS 


3. FINAL SURFACE TREATMENT # © 
Apply silicone oil or thin layer of grease or compound 


The following instruction is essential for maintaining low, 
stable thermal and electrical resistances associated with the 
Presspak to heat dissipator surfaces. 


1. INSPECTION OF MATING SURFACES 


Check each mating surface for nicks, scratches, flames 
and surface finish. The Presspak surface has a total in- 
dicator reading TIR < .0005 inch and surface S2 finish 
prior to factory electrical test in pressure fixtures. The 
dissipator surface should be equally as good. The TIR of 
a fully tested Presspak may run higher but not exceed 
.0O1 inch not including some minor nicks and scratches 
also associated with test fixtures. (Recommended mount- 
ing force is based upon these requirements.) 


. SURFACE DEOXIDATION AND CLEANING 
Although plated surfaces are recommended for alumi- 
num and copper heat dissipators, bare surfaces may be 
used if careful attention to cleaning and treating is as- 
sured. Plated surfaces and Presspaks should be lightly 
sanded with 600 grit paper, then oil or compound ap- 
plied as recommended. Unplated surfaces should be 
vigorously abraided with a fine wire brush or 3M 
“Scotchbrite” coated with Alcoa #2 compound. The 
Alcoa #2 should be removed and the recommended 
compound applied. 


as indicated below. Rotate the Presspak to properly dis- 
tribute the applied agent. 
bare copper — use G322L or LS2037*; 
bare aluminum — use Alcoa #2 or G322L; 
e tin-plated copper or aluminum — use SF1154 pre- 
ferably, or G623 or G322L; 
e nickle-plated aluminum — use SF1154 or G623; 
e silver-plating is not recommended. 


. MOUNTING 


Assemble with specified mounting force applied through 
a self-leveling swivel connection. The force has to be 
evenly distributed over the full area. Center holes on 
top and bottom of the Presspak are for locating. 


NOTES: 
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a) Silicone oil SF1154, 200 centistoke, clear silicone grease 
G623, and yellow compound G322L are products of the 
General Electric Company; compound Alcoa #2 is a pro- 
duct of Aluminum Company of America; and LS2037 black 
compound is product of Arco Company, 7301 Bessemer 
Avenue, Cleveland, Ohio. 


b) Limit maximum joint temperature to 95°C, except for those 
prepared with SF1154 or G322L, which are limited to 
150°C. 
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High Power 


a 
Controlled Rectifier 
550A Avg. Up To 2200 Volts 


AMPLIFYING GATE 


The General Electric C502 Silicon Controlled Rectifier feature the newly 
developed multi-diffusion technology to combine high blocking voltage cap- 
ability with low on-state conduction losses. 


The C502 is designed specifically for phase control applications like DC 
motor control and power supplies, cycloconverters and current regulated 
inverters. 


FEATURES: 


High Blocking Voltage Capability 

High DV/DT with Higher Selections Available 

Excellent Surge and I*t Current Ratings for Ease of Fusing 
Rugged Hermetic Ceramic Package with 1” Creep and Strike 
Guaranteed Turn-Off Time Selections of 100 psec Available 
Complementary Diodes and Mounting Hardware Available 


IMPORTANT: Mounting instructions on the last page of the C501 specification must be followed. 


MAXIMUM ALLOWABLE RATINGS 


REPETITIVE PEAK OFF-STATE | REPETITIVE PEAK OFF-STATE PE EVE 
AND REVERSE VOLTAGE AND REVERSE VOLTAGE Sala tail So aie atiaal 
VOLTAGE, Vasu 


Vv iV 2 Voru/Varm?2 = 3 
T,=-40°C to #125°C T= 0°C to +125°C Tye agen 

C502PE 1500 Volts 1600 Volts 1600 Volts 

C502PM 1600 1700 1700 


C502PS 1700 1800 1800 
C502PN 1800 1900 1900 
C502PT 1900 2000 2000 
C502L 2000 2100 2100 
C502LA 2100 2200 2200 


1 Half Sine Wave Waveform, 10 msec maximum pulse width. 


Average Forward Current, On-State .. 2... 0... eee ee ee Depends on conduction angle (see Charts 1 and 2) 
Peak One-Cycle Surge On-State Current, Iygy ..- ee eee es 8,000 Amperes 
Maximum Rate-of-Rise of Anode Current Switching from 1000 V (Repetitive)... .......0........00005 100 A/usec 
I?t (for fusing) (for times > 1.5 milliseconds) see Figure7 2... 0. ee ee eee 130,000 Ampere? Seconds 
I7t-(for fusingy, (at-S.3omilliseconds) iaceb nid tits ob eee eet eee adage Byes 265,000 Ampere” Seconds 
Peak Gate Power Dissipation, Poy... 6. ee ee ee eee 200 Watts @ 40 usec Pulse 
Average Gate Power Dissipation, Po(av)--- eee ee » +5 Watts 
Peak Reverse Gate Voltage, VGORM- 0. ee 5 Volts 
Storage and Operating Temperature, Torq and Ty 26... ee es -40°C to +125°C 
Mounting Force Required. 2... 0. ee ee ee 2000 Lbs. + 10% 

8.9 KN + 10% 


2 Assumes heat dissipator less than 1°C/W thermal resistance. 


rest | sv [min | tve,_[ max. | unis 


Peak Reverse and Off- 
State Currents 


Peak Reverse and Off- 
State Blocking Current 


Effective Therma! Resist- 
ance, Junction-to-Case 


Critical Exponential Rate- 
of-Rise of Forward Block- 
ing Voltage (Higher values 
may cause device switching) 


Holding Current 
Latching Current Ip 


Delay Time ty 
Gate Pulse Width 
Necessary to Trigger 


Gate Trigger Current, See 
Figure 10 for Recommend- 
ed Gate Drive Conditions 


= 
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Gate Trigger Voltage 


s 
cl 


Peak On-State Voltage Vm 


Circuited Commutated 
Turn-Off Time 


Suppressible Surge 
Current (Half Sinewave 
Peak Current, 8.3 msec 
Pulse Width) 
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CHARACTERISTICS 
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TEST CONDITIONS 


Ty = +25°C, V = Vprm = Vrrm 
Ty = +125°C, V = VprM = VrrM 


Junction-to-Case — Double Side Cooling 
(DC) 


Ty = +125°C, V = 0.8 x Vprm, Gate Open. 


Tc = +25°C, Anode supply = 24 Vdc., Initial 
forward current = 500 amps. 


To = +25°C, Ip = 50 Adc. Gate Supply: 20V, 
20 ohms, 500mA, 0.5 usec max. rise time, 
1000V switching voltage. 


To = +25°C, Vp = 10 Vdc, Ry = 3 ohms 
Tc = -40°C, Vp = 10 Vdc, Ry = 3 ohms 
Te =+125°C, Vp =0.5 Vprm, Ry =3 Ohms 


To = 0°C to +125°C, Vp = 0.5 Vde, 
Ry = 3 ohms 


To = +125°C, Vp = 0.5 VprMm> 
Ry = 1000 ohms. 


To = +25°C, I = 1000 amps. peak. 
Duty cycle < 0.01% 


Te = +125°C 

Izy = 450 Amps. 

Vr = 75 Volts min. 

0.5 Vprm Reapplied 

Rate-of-rise of reapplied forward block- 
ing voltage = 50V/usec (linear). 
Commutation di/dt = 25 Amps/usec. 
Repetition rate = 1 pps. 

Gate bias during turn-off interval = 

0 volts, 100 ohms. 


Tce = 115°C 

Vr = .67 Varm 

.67 Vprm Reapplied, 8.3 msec after 
surge current zero. 

Figure 12. 


MAXIMUM ALLOWABLE HEAT SINK TEMPERATURE - °C 


AVERAGE ON-STATE POWER DISSIPATION - WATTS 


; ms cone T T T 11 T 
: [ ] + el 
120 a 
1 eo ‘0° | 
Ho te -| 
CONDUCTION 
| ANGLE — 
100 jobs fy 
Aah 


oc 


500 


200. 300 400 
AVERAGE ON-STATE CURRENT - AMPERES 


1. MAXIMUM ALLOWABLE CASE TEMPERATURE 
FOR SINUSOIDAL CURRENT WAVEFORM — 
DOUBLE-SIDE COOLED 
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AVERAGE ON-STATE CURRENT - AMPERES 


3. AVERAGE ON-STATE POWER DISSIPATION 
FOR SINUSOIDAL CURRENT WAVEFORM 


MAXIMUM ALLOWABLE HEAT SINK TEMPERATURE - °C 


AVERAGE ON-STATE POWER DISSIPATION - WATTS 
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2. MAXIMUM ALLOWABLE CASE TEMPERATURE 
FOR RECTANGULAR CURRENT WAVEFORM — 
DOUBLE-SIDE COOLED 
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4. AVERAGE ON-STATE POWER DISSIPATION 
FOR RECTANGULAR CURRENT WAVEFORM 


AVERAGE ON-STATE CURRENT - AMPERES 
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5. AVERAGE RECTANGULAR ON-STATE 
CURRENT VS. AMBIENT TEMPERATURE 
WHEN USED WITH 
VARIOUS HEAT EXCHANGERS 


6. AVERAGE PHASE BACK ON-STATE 
CURRENT VS. AMBIENT TEMPERATURE 
WHEN USED WITH 


1001 VARIOUS HEAT EXCHANGERS 
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PEAK SURGE CURRENT 
AMPERES x !000 


TRANSIENT THERMAL IMPEDANCE - °C/W 
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INSTANTANEOUS ON-STATE CURRENT - AMPERE 


200 
100 . ees lees 
2 ° 1 2 3 4 5 6 
PULSE BASE WIDTH- MILLISECONDS INSTANTANEOUS ON-STATE VOLTAGE - VOLTS 
7. t AND Itsm@ FOLLOWING RATED 8. MAXIMUM FORWARD CONDUCTION 
LOAD CONDITIONS CHARACTERISTIC ON-STATE 


NOTES: 

1. Power “D” adds .01°C/W to account for both case to 
dissipator interfaces, when properly mounted; e.g., 
R@3g = -06°C/W. See Mounting Instructions. 

2. DC Thermal Impedance is based on average full cycle 
junction temperature. Instantaneous junction tempera- 
ture may be calculated using the following modi- 
fications: 

e@ end of conducting portion of cycle 
— 120° sq. wave add .0065°C/W along entire curve 
— 180° sq. wave add .0047°C/W along entire curve 
— 180° sine wave add .0026°C/W along entire curve 


|| © end of full cycle 


ori 71} — any wave, subtract .0026°C/W along entire curve 


_ E-SECONDS 


9. TRANSIENT THERMAL IMPEDANCE — 
JUNCTION-TO-CASE (DOUBLE-SIDE COOLED) 


EXPECTED RANGE OF GATE (Igvs. Vg ) CHARACTERISTIC 
REPETITIVE PULSE LIMITAT ions 
Guaeaswese 
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INSTANTANEOUS GATE VOLTAGE-VOLTS 


10. GATE TRIGGERING CHARACTERISTICS 
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SWITCHING VOLTAGE 


11. 


NOTES: 
Code: +++++ Non-Repetitive High Gate Drive 
— Repetitive High Gate Drive 
— Non-Repetitive Low Gate Drive 
CIRCUIT aaemtee, oat : 
| diate Repetitive Low Gate Drive 
Can Low Gate Drive High Gate Drive 
Source 14V/35 ohms 20V/10 ohms 
Pulse Width, tp > 20 Us = 10 Us 
Current Rise Time, t, <2 <0.5 Us 


*Permissible circuit di/dt excluding snubber discharge. Re- 
petitive di/dt is recommended maximum condition 

to achieve most industrial requirements for service life. It 
meets or exceeds the JEDEC test requirements for certi- 
fication set forth in NEMA Std, Sk. 516 (1972). Non- 
repetitive di/dt meets the JEDEC 5 second rating. 


**Snubber discharge, is, is treated separately using the mini- 
mum value of snubber resistance indicated above. This 


applies for long industria! life (20 — 30 years) in combi- 
nation with circuit di/dt. 


ALLOWABLE REPETITIVE AND NON-REPETITIVE IN-RUSH CURRENT (DI/DT*) AND REQUIRED SNUBBER 
RESISTANCE FOR VARYING LEVELS OF SWITCHING VOLTAGE 


50 100 150 200 Ajus 
CIRCUIT COMMUTATING di/dt 


Try SUP) 
CURRENT LN 


j-8.3ms fe 8.3ms 


V REAPPLIED 


VOLTAGE 


VR 
— 67 Vern 


12. SUPPRESSIBLE SURGE CURRENT TEST 


OUTLINE DRAWING 


TABLE OF DIMENSIONS 
Conversion Table 


CATHODE 
sym, | DECIMAL INCHES METRIC MM NOTES 
: MIN. MAX. MIN, | MAX. 
A 0.200 0.240 5.08 | 6.10 
[ #o [| 4240, 1.260 | 31.50 | 32.00 | 
Poe [= 2000 f= | 50.80 _| 
F 1.000 | 1.060 
G = = 1 
| H 025 | = 0.64 = 
oJ 0.136) 0.146 3.45 [3.71 
K 080_| = 2.03 | = 
- L = 2.000 = |__ 50.80 
REED t 
M 036 = 021 | = 
NOTES: 
1. Glazed Ceramic Insulator With 1.00 Inch Minimum Surface Creepage. 
TERMINAL @ . (25.40 MM) 


PLATED SURFACE 


$8 ab. TERMINAL @ 


(WHITE WIRE) 


TERMINAL @) 
(REO WIRE) 
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HEAT SINK SELECTION MADE EASY 


The C502 specification sheet marks the introduction of 
two new characteristic curves which should greatly facili- 
tate heat sink selection. Figures 5 and 6 plot allowable 
average current versus ambient temperature and case-to- 
ambient thermal resistance for the two most frequently 
encountered waveforms, 1/3 duty cycle rectangular current 
and 180° sinusoidal current waveforms. As soon as the 
average forward current and maximum ambient tempera- 
ture are known, the designer can specify a heat sink thermal 
resistance. Note that the graphs span the range of heat sinks 
from water-cooled (Rg¢a = .03°C/W) to free-air convection 
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(Roca = 0.3°C/W). It is possible to linearly interpolate 
between the curves for Rgca. 
These curves have been derived from the following basic 
equation: 
Ty = Ta + Pave x ROsa 
where: Ty = 125°C 


For increased reliability, the usual practice is to derate Ty 
15-30 degrees. Figures 5 and 6 can perform this function 
by the simple expedient of raising T, by a like amount. 


High Power 


Silicon 
Controlled Rectifier | e602 


600A AVG., UP TO 2600 VOLTS 


AMPLIFYING GATE 


The C602 Series of high power SCR’s feature the proven, multi-diffused 
construction in a new, larger, pressure-mounted package for phase control. 


FEATURES: 


2600 Volt Blocking Voltage Capability 

Glazed Ceramic Hermetic Package with 1” Creepage Path 

Reliability of Pressure Contacts plus Reversibility of the Package 
Available in Factory Assembled Heat Exchangers or Ready-to-Mount 
Complementary Rectifiers 

e Higher dv/dt Ratings 


IMPORTANT: Mounting instructions on the last page of the C501 specification must be followed. 


MAXIMUM ALLOWABLE RATINGS 


; : TRANSIENT PEAK REVERSE 
VorM/Vram Voram/Vreom VOLTAGE (NON-RECURRENT 
REPETITIVE REPETITIVE <5 MILLISECONDS) Vasu 
Ty = -40°C to +125°C Ty = O°C to +125°C T, = -40°C to +125°C 


C602PS 1700 Volts 1800 Volts 1800 Volts 
C602PN 1800 1900 1900 


C602PT 1900 2000 2000 
C602L 2000 2100 2100 


C602LA 2100 2200 2200 
C602LB 2200 2300 2300 
C602LC 2300 2400 2400 
C602LD 2400 2500 2500 
C602LE 2500 2600 2600 
C602LM 2600 2700 2700 


Consult factory for higher voltage grades, 


Average Forward Current, On-State .. 2.0... Le ee ee eee Depends on Conduction Angle 
Peak One-Cycle Surge On-State Current, Igy... ee tee 10,000 Amperes 

Maximum Rate-of-Rise of Anode Current Turn-On Interval 
(Switching Rates < 400 Hz)... 2... eee eee Switch From < 600V, 75A/ysec 
(See Curve 9 for Recommended Load Line)..............02 202 eee eee Switch From < 1000V, 50A/usec 
ehhaNnectae BME Much cites acd isatechs ofa, ute eh ete ees ts Switch From < 1500V, 35A/usec 
Pe (or fusing) at 8:S milliseconds )iu aie hoe Bah uae bh ales Keene OAS 415,000 Ampere? Seconds 
Peak Gate Power Dissipation, Pom... .-- 20 eec e  e e e eeene tee eee ees 40 Watts 
Average Gate Power Dissipation, Pa(av)-- +--+ ee te tet ene 5 Watts 
Peak Reverse Gate Voltage, VopM.--- 1c eee ee ee ee ee eee eee ee eee eee 5 Volts 
Storage and Operating Temperatures, Tgtg and Ty... 2... ce ee ee ee ete Refer Above 
Mounting Force Required... 2... ee ee ee eee ee eee ee 4000 Lbs. + 10% 
17.8 KN + 10% 

NOTES: 


1 Ratings apply for zero gate voltage. Assumes heat dissipator thermal resistance less than 0.5°C/W. 
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CHARACTERISTICS 


Peak Reverse and Iprm 15 mA 
Forward Blocking Current and 

IRRM 
Peak Reverse and On- Iprm 15 35 m 
State Blocking Current and 

IRRM 


Critical Exponential Rate- 
of-Rise of Forward Block- 
ing Voltage (Higher values 
may cause device switching) 


: 
Holding Current 
: 


Delay Time tg 


Gate Pulse Width 
Necessary to Trigger 


Gate Trigger Current 


Ty = +125°C, VprM = -67 Rated, 
Gate Open, 


= 
Zo 
wn 
OQ 
aQ 


_ 


100 250 mAdc | Te = +25°C, Anode Supply = 20 Vdc. 


Initial Forward Current = 500 Amps. 


> 


de Tc = +25°C, Anode Voltage = 24 Vdc. 
Load Resistance 12 Ohms Max. 


usec Switching From 900 Volts, 20V/10Q, .5 
Msec Rise Time 


usec See Figure 9. 


_ 
ioe) 


m 


Te = +125°C, Vp = .5 x Rated, 
Ry, = 1000 Ohms 


Tc = 0°C to +125°C, Vp = 10 Vdc, 
R, = 3 Ohms 


125°C, Vp = .5 x Rated, 
1000 Ohms 


To = +125°C, Iy = 1000 Amps. Peak, 
Duty Cycle < 0.01% 


To = +125°C 

(2) Ip = 450 Amps. 

(3) Vp = 75 Volts Min. 

(4) 50% VpRM Reapplied 

(S) Rate-of-rise of Reapplied Forward 
Blocking Voltage = .25V/ysec. Linear 

(6) Gate Bias = Open During Turn-Off 

Interval 

Duty Cycle < 0.01% 


Te = 115°C 
(2) VR = 67 VRRM 

(3) .67 Vprm, Applied 8.3 msec. After 
Completion of Surge 

Figure !3. 
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DOUBLE SIDE 
COOLING 
50 TO 400 HZ. 


Led 


MAX. ALLOWABLE CASE TEMPERATURE-°C 


10 400 600 800 1,000 
AVERAGE FORWARO CURRENT - AMPERES 


MAXIMUM ALLOWABLE SINK TEMPERATURE 
FOR SINUSOIDAL CURRENT WAVEFORM 
(DOUBLE-SIDE COOLED) 


PENS [eA 
/ A J 


1. 


AVERAGE POWER DISSIPATED — WATTS 


CONDUCTION ANGLE 


100 200 300 400 500 
AVERAGE FORWARO CURRENT - AMPERES 


3. AVERAGE FORWARD POWER DISSIPATION 
FOR SINUSOIDAL CURRENT WAVEFORM 
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AVERAGE POWER DISSIPATED — WATTS 


300 OO = =500 
AVERAGE FORWARD CURRENT-AMPERES 


600 700 800 9:00 


5. EXTENDED FORWARD POWER DISSIPATION 
FOR SINUSOIDAL CURRENT WAVEFORM 


140 COOLING 
50 TO 400 nz. 
120 NN 
t fe 
= ved 


MAX. ALLOWABLE CASE TEMPERATURE °C 


AVERAGE POWER DISSIPATED - WATTS 
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AVERAGE POWER DISSIPATION - WATTS 


1" 
OOUBLE SIDE 


Hy (%) DUTY CYCLE 


121/2% 25% 331/3% 50% 


400 600 800 
AVERAGE FORWARD CURRENT - AMPERES 
2. MAXIMUM ALLOWABLE SINK TEMPERATURE 
FOR RECTANGULAR CURRENT WAVEFORM 
(DOUBLE-SIDE COOLED) 
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4. AVERAGE FORWARD POWER DISSIPATION 
FOR RECTANGULAR CURRENT WAVEFORM 
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6. EXTENDED FORWARD POWER DISSIPATION 
FOR RECTANGULAR CURRENT WAVEFORM 
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10 : — 10° = Jt 
J 2 5 10 2.0 50 100 ° fl 2 5 u 
INSTANTANEOUS GATE CURRENT- AMPERES INSTANTANEOUS FORWARD VOLTAGE DROP- VOLTS 
9. GATE TRIGGERING CHARACTERISTICS 10. FORWARD CONDUCTION CHARACTERISTIC, 
ON-STATE 
T; REFERENCE - 6¢ 
09 Tj REFERENCE - 3¢ IP SINGLE SIDE 
1 t T; REFERENCE - Ig (CATHODE ON SINK) .085 
oak 19, 36 END CYCLE 
OR 6¢ 
on oak ee 
Se NOTES: 
. For 3@ thermal resistance add .0037°C/W along entire 
ge y curve length. 
04 For 6@ thermal resistance add .001°C/W along entire 
, curve fength. 
03 For DC thermal resistance subtract .005°C/W along entire 
curve length. 
oat 
01 


POWER “ON" TIME - SECONDS 


11. TRANSIENT THERMAL IMPEDANCE — 
JUNCTION-TO-CASE 
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SWITCHING VOLTAGE 


2,000 


1,500 


1,000 -}——— 
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MIN. SNUBBER RESISTANCE (Ohms } af 
2) 20 30 


50 100 
CIRCUIT COMMUTATING di/dt 


ALLOWABLE REPETITIVE AND NON- 
REPETITIVE IN-RUSH CURRENT (DI/DT)* 
AND REQUIRED SNUBBER RESISTANCE FOR 
VARYING LEVELS OF SWITCHING VOLTAGE 


Ty (SUP] 
CURRENT 


VOLTAGE V REAPPLIED 


f+-a3ms —+= 8.3ms 


NOTES: 

Code: +++ Non-Repetitive High Gate Drive 
aie Repetitive High Gate Drive 
mee Non-Repetitive Low Gate Drive 
ea ees Repetitive Low Gate Drive 

Low Gate Drive High Gate Drive 

Source 14V/35 Ohms 20V/10 Ohms 

Pulse Width, tp = 20 Us 2 10 Us 

Current Rise Time, t, <2 <0.5 Us 


*Permissible circuit di/dt excluding snubber discharge (re: 
PG10.010, p. 5). Repetitive di/dt is recommended 
maximum condition to achieve most industrial require- 
ments for service life. It meets or exceeds the JEDEC test 
requirements for certification set forth in NEMA Std., Sk. 
516 (1972). Non-repetitive di/dt meets the JEDEC 5 
second rating. 


**Snubber discharge, is, is treated separately using the mini- 
mum value of snubber resistance indicated above. This 
applies for long industrial life (20 — 30 years) in combi- 
nation with circuit di/dt. 
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13. SUPPRESSIBLE SURGE CURRENT 


OUTLINE DRAWING 


K 
CATHOOE ¢ 
carte Cu ae —- | 
= * M 
' 
rT Styer | 
Ly 


T= LENGTH OF 
STRAIGHT LEAD 


1009 


DECIMAL METRIC 
INCHES M.M. 

SYM | MIN, | MAX. MIN. MAX. 
A .240 260 6.096 | 6.604 

| B | .110 .130 2.794 | 3.302 
Cc .245 6.223 
D .186 191 4.724 | 4.851 
E “060 075 7.524 | 1.905 
F 1.430 36.32 
G 1.065 27.051 
H | 2.200 | 2.500 | 55.88 | 63.50 
J 011 019 2.794 | 3.483 

[_K 130 762 | 3.302 
L .056 060 1.422 [ 1.524 
m_| 1.000 | 1.065 | 25.40 | 27.05 
N .030 .096 162 | 2.438 
P .130 -150 3.302 | 3.810 
Qa 1.300 | 1.345 [ 33.02 | 34.16 
R 2.150 54.61 
s .067 .083 1.702 | 2.11 
T [12.200 | 12.360 | 309.9 [313.9 
U 137 153 3.480 | 3.886 


High Speed 


Siicon == [cota 
Controlled Rectifier , 
2000 Volts 1150 Amps RMS 


AMPLIFYING GATE 


The General Electric device type C612 is a new pressure mounted, high 
current SCR designed for power switching at high voltage and high frequen- 
cies (up to 5 KHz). The C612 gate structure has an involute, interdigitated 
pattern to optimize the turn-on area for high di/dt capability and it is pro- 
cessed using a newly developed multi-diffusion technology. 


FEATURES: 


© Off-State and Reverse Blocking Capabilities to 2000 Volts. 
¢ Very Low Switching Losses at High Frequencies. 


e 60 usec Maximum Turn-Off Time at Severe Operating Conditions with Feedback Diode. 
diode. 


¢ Involute, Interdigitated Gate for High di/dt Capability. 
e Narrow Pulse Capability for PWM Inverter Commutating SCR Socket. 
e 1” Creepage-Path, Glazed-Ceramic Package. 


IMPORTANT: Mounting instructions on last page of this specification sheet must be followed. 


MAXIMUM ALLOWABLE RATINGS 


1 1 TRANSIENT PEAK REVERSE 
‘RePeNAE ‘ener VOLTAGE ! Vasy 
Ty = -40°C to +125°C Ty = 0°C to +125°C Ty = -40°C to +125°C 

C6l2L 2000 Volts 2100 Volts 2100 Volts 

C612PT 1900 2000 2000 

C612PN 1800 1900 1900 

Co6l2PS 1700 1800 1800 

C612PM 1600 1700 1700 

C612PE 1500 1600 1600 
Peak One-Cycle Surge On-State Current, Itsy (8.3 msec)... 2.200000. 0c cee eee ee eee eee eee 9000 Amperes 
Maximum Rate-of-Rise of Anode Current Turn-On Interval?................ Switching from 1200 Volts, 500 A/ysec 
Repetitive Rate-of-Rise of Anode Current... ....0..000 0000000 cece cece cence eee e ene neeeanae 200 A/ysec 
I’t (for fusing) (at 1.5 milliseconds) (See Figure 9)... 2.2.0... cece cece eee eaeee 155,000 Ampere? Seconds 
Peak Gate Power Dissipation, Pog... +02. ce eee ene n ene e beens 100 Watts 
wverdiee Gate: Power Dissipation, Pa tay yo. ..0'65 5 Wes Hee nin wa aiae Ggek dence ace OWE Ace ove acalatn oa SR RS 5 Watts 
Peak. Reverse Gate Voltage, Vemigin. xa. 2 «statis colnccaeots awa AR wy ee ee BORG ohare Saale ete a 20 Volts 
Storage and Operating Temperature, Tyrg and Ty... 1... cece eee eae -40°C to +125°C 
Mounting Force Required... 2... cee cece eee eeeenas 3500 — 4200 Lbs. 

15.6 — 18.7 Kn 

NOTES: 


1 10 msec voltage sinewave. 


2 di/dt rating established in accordance with EIA-NEMA Standard RS-397, Section 5.2.2.6 for conditions of max. rated VDRM: 20 volts, 
20 ohms gate trigger source with 0.5 us short circuit trigger current rise time. 
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CHARACTERISTICS 


TEST SYMBOL| MIN. | TYP. | MAX. | UNITS TEST CONDITIONS 


Peak Off-State and IpRM 15 mA Ty = +25°C, V = Vprm = VrrM 
Reverse Currents and 
IRRM 
IpRM 
and 
IRRM 
Effective Thermal Resist- °C/watt | Double-Side Cooled 
ance Junction-to-Case, Rg@jc 
Critical Linear Rate-of-Rise | dv/dt Viusec | Ty = +125°C, Vprm = .80 Rated, 
of Forward Blocking Volt- Gate Open! 
age (Higher values may 
cause device switching) 
Delay Time psec Switching from 900 Volts, 20 Volt, 10 Ohm 
Gate 0.5 usec Rise Time, Ty = 25°C 
Gate Pulse Width sec See Figure 7. 
Necessary to Trigger 
Gate Trigger Current mAdc | Tc = 25°C, Vp = 10Vde, Ry = 3 Ohms | = | Tc = 25°C, Vp = 10Vde, Ry = 3 Ohms | C, Vp = 10 Vde, Ry = 3 Ohms 
(See Figurel1) 
=+125°C, Vp =.5 x Rated, Ry = 
1900 Ohms 
Gate Trigger Voltage To = 25°C, Vp = 10 Vde, Ry = 3 Ohms 
(See Figure 11) 
Tc = 125°C, Vp =.5 x Rated, Ry = 
1000 Ohms 
Peak On-State 2: Volts | Tc = +125°C, I¢ = 2000 Amps. Peak 
Voltage Duty Cycle < 0.01% 


—_ wii = 


mutated Turn-Off Time (2) Iy =500 Amps. 
(With Reverse Voltage) (3) Vp 2 50 Volts 
Ty] 


Peak Off-State and 
Reverse Currents 


Ty = +125°C, V = Vprm = Vrrm 


(4) 80% Vprm teapplied! 

(5) Rate-of-rise of Forward Blocking Volt- 
age = 200 V/usec. 

(6) Gate Bias = Open During Turn-Off 

Interval = 0 Volts, 100 Ohms 

Duty Cycle < 0.01% 


Teo = +125°C 

(2) Izy = 500 Amps. 

(3) Vp =2 Volts Min. 

(4) 80% Vppo reapplied! 

(5) Rate-of-rise of Forward Blocking Volt- 
age = 200 V/usec. 

(6) Gate Bias = Open During Turn-Off 
Interval 

Duty Cycle < 0.01% 


Conventional Circuit Com- 
mutated Turn-Off Time 
(With Feedback Diode) 


1 1 440 V is maximum for C613PT and C613L. 
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SINE WAVE DATA 
fa 


PEAK ON - STATE CURRENT-KILOAMPERES 
PEAK ON -~ STATE CURRENT — KILOMETERS 
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1. MAXIMUM ALLOWABLE PEAK ON-STATE 2. MAXIMUM ALLOWABLE PEAK ON-STATE 


CURRENT VS. PULSE WIDTH (Tg = 65°C) 
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PEAK ON-STATE CURRENT -AMPERES 


50 100 200 500 000 2,000 5,000 10,000 
PULSE BASE WIDTH - MICROSECONDS 


3. ENERGY PER PULSE FOR SINUSOIDAL 


PULSES 


CURRENT VS. PULSE WIDTH (Te = 90°C) 


NOTES: 


Switching voltage range: Vp = 15V — 0.8 VorRM- 


. Peak snubber discharge current <50A. RC < 10psec. 


High gate drive: 20V/10 Ohms, O.5p~Usec. rise time. 


. Reverse voltage < 50V. If no bypass diode is used, 


recovery switching losses must be added. 


TRAPEZOIDAL WAVEFORM DATA 


PEAK ON-STATE CURRENT -KILOAMPERES 
PEAK ON-STATE CURRENT-KILOAMPERES 


500 1,000 5,000 1,000 450 
PULSE BASE WIDTH ~ MICROSECONDS 
4. MAXIMUM ALLOWABLE PEAK ON-STATE 5. 


CURRENT FOR RISING 
DI/DT = 100 A/uSEC (Te = 65°C) 


2,000 
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100 200 500 000 2,000 5,000 10,000 
PULSE BASE WIDTH -MICROSECONDS 


MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT FOR RISING 
DI/DT = 100 A/uSEC (Te = 90°C 


NOTES: 
1. Switching voltage range: Vp = 15V — 0.8 VDRM.- 
2. Peak snubber discharge current <50A. RC < 10psec. 
3. High gate drive: 20V/10 Ohms, 0.5psec. rise time. 
4, Reverse voltage < 50V. 
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50 100 200 500 1000 2,000 5,000 10,000 
PULSE BASE WIDTH - MICROSECONDS 


6. ENERGY PER PULSE FOR TRAPEZOIDAL 
CURRENT WAVEFORMS FOR 
100 A/uSEC RISING Di/DT 


PSS] 
Es 
= 
oe cal 
PN 


PEAK ON-STATE CURRENT - KILOAMPERES 


FREQUENCY DATA VOLTAGE (Volts) CURRENT (Amps) 


ae a | 
t+ NOTES: Hare es 
ae . 
ec 1.232 300 
no if 1.300 400 
rd ES 1.363 500 
& 1.422 600 
< 1.480 700 
e al 1.537 800 
a 1.594 900 
© —— a — 1.650 1000 
3 —— 1.706 1100 
lw 
ae Be ~ 
& Rea 
bi 1.873 1400 
3 | 1,929 1500 
2.210 2000 
/ 2.781 3000 
ico 3.363 4000 
ie) \ 2 3 4 5 6 7 3.954 5000 
MAXIMUM ON - STATE VOLTAGE - VOLTS 4.552 6000 
7. FORWARD CONDUCTION ren a666 
CHARACTERISTIC ON-STATE 5,767 3000 
6.382 9000 
7.000 10000 
1000 266 a Cory 10,000 


—————oae 
rl | | Ltt 
ee wax 
Cpe at see 
i elle 


eS oe 
SS CT 


NOTES: 


Curves are based upon production tests of Ire¢. OQ, is a 
close approximation based upon calculation using appro- 
priate value of Irecg and an emperical formula. 


TRiReC) RECOVERY CURRENT (AMPERES) 
° 
°o 


Qrirecy REVERSE RECOVERY CHARGE (MICROCOULOMBS ) 


dIy /dt (A/usec) 


8. REVERSE RECOVERY CHARACTERISTICS 
(125°C) 
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17 t RATING 
(RMS AMPERES) @-SECONDS x10 


PEAK SURGE CURRENT - KILOAMPERES 


5 6 7 8 910 


2 3 4 
PULSE BASE WIDTH - MILLISECONDS 


Lo (5 


= 


—. 


4 5 6 7 89060 


PULSE BASE WIDTH - MILLISECONDS 


9. SUB-CYCLE SURGE AND I*t RATING 
FOLLOWING RATED LOAD 
CONDITIONS (Sinusoidal Waveform) 


09} 
al 

08| I¢, 3¢ 

OR 6¢ 


16.67m 
o7}—— "I ONE CY. 


Tj REFERENCE ~ 6¢ 
Tj REFERENCE - 39 
Tj REFERENCE - I¢ 
END CYCLE __| 


— 


(CATHODE ON SINK) 


{ANODE ON SINK) 


I® SINGLE SIDE 


a 
085 
Ip SINGLE SIDE 


096 


-O1 02 


to 


I. 
POWER "ON" TIME - SECONDS 


too 


{000 


NOTES: 


For 3@ thermal resistance add .0037°C/W along entire 
curve length. 
For 6@ thermal resistance add .001°C/W along entire 
curve length. 


For DC thermal resistance subtract .005°C/W along entire 
curve length. 


10. TRANSIENT THERMAL IMPEDANCE — 
JUNCTION-TO-CASE 


INSTANTANEOUS GATE VOLTAGE - VOLTS 


TT 
IGHEST TRANSIENT GATE 
POADEINE. SOW OLTAGE AT 125°C (> 
URRENT APPLIED , 
LOADLINE 20 
NOTES: 
LOADLINE ‘ 1. Maximum allowable gate dissipation = 3 watts. 


15v/302 


2. The locus of possible DC-trigger points lies outside the 
boundaries shown at various junction temperatures. 

3. Loadlines 30V/15 22, 20V/10 Q and similar are recom- 
mended as minimum gate drives for most inverter 
application: rise time <0.5 usec; Tp => 10 usec. 

4. Loadline 15V/30 Q2 is the minimum usable gate drive. 
Snubber resistances must be > 30 92 when turning on 
from > 800V bias. Delay-time may be increased. di/dt 
rating < 100A/Wsec. 


‘I 2 3 4 5 10 2,0 30 4050 10.0 
INSTANTANEOUS GATE CURRENT - AMPERES 


11. MAXIMUM ALLOWABLE PEAK GATE POWER 
VS. GATE PULSE WIDTH 


OUTLINE DRAWING 


DECIMAL METRIC 


| 8 | 
H 
J 
K 

| a | 


1.000 
N MIN. 
CREE PAGE 


T= LENGTH OF , Pein Q tye ne] 


STRAIGHT LEAD 


C600 SERIES SUGGESTED MOUNTING METHODS 


Reter to C702 specitication for mounting instructions 
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High Speed 


Silicon 
Controlled Rectifier C613 


2000 Volts 750 Amps RMS 


AMPLIFYING GATE 


The General Electric device type C613 is a new pressure-mounted, high 
current SCR designed for power switching at high voltage and high frequen- 
cies (up to 5 KHz). The C613 gate structure has an involute, interdigitated 
pattern to optimize the turn-on area for high di/dt capability and it is pro- 
cessed using a newly developed multi-diffusion technology. 


FEATURES: 


© Off-State and Reverse Blocking Capabilities to 2000 Volts. 

© Very Low Switching Losses at High Frequencies. 

© 50 usec Maximum Turn-Off Time at Severe Operating Conditions with Bypass 
diode. 

¢ Involute, Interdigitated Gate for High di/dt Capability. 

¢ Narrow Pulse Capability for PWM Inverter Commutating SCR Socket. 

* 1” Creepage-Path, Glazed-Ceramic Package. 


IMPORTANT: Mounting instructions on last page of this specification sheet must be followed. 


MAXIMUM ALLOWABLE RATINGS 
VorM/Varu! Vorm/Vrau! TRANSIENT PEAK REVERSE 
REPETITIVE REPETITIVE VOLTAGE !, Vasm 
Ty = -40°C to +125°C Ty = 0°C to +125°C Ty = -40°C to +125°C 


C613L 2000 Volts 2100 Volts 2100 Volts 


Co13PT 1900 2000 2000 
C613PN 1800 1900 1900 
C613PS 1700 1800 1800 
C613PM 1600 1700 1700 
C613PE 1500 1600 1600 


Consult factory for lower rated voltage devices. 


Peak One-Cycle Surge On-State Current, Ipgy (8.3 msec) ... 2.000000 c cece ee eee eet eee 6,500 Amperes 
Maximum Rate-of-Rise of Anode Current Turn-On Interval? ............... Switching from 1200 Volts, 500 A/psec 
Repetitive Rate-of-Rise of Anode Current. ...............2.0000eeeeue Switching from 1200 Volts, 200 A/sec 
I?t (for fusing) (at 1.5 milliseconds) (See Figure:9) 2s) <. bd ie's ace ee hf een Re ol le ahs es 80,000 Ampere” Seconds 
Peak Gate Power Dissipation, Pag... .. 0-2 - ec cece e eee eeenneennees 50 Watts 
Average Gate Power Dissipation, Pg Gayy occa cose wy 8 Gn a Eee ge ew bo ke ae A we RW RE Go OS 5 Watts 
Peak Reverse Gate Voltage, VaguM..-.. 0. cece eee cee eee teen nese eeeaeeees 20 Volts 
Storage and ‘Operating: Temperature; Typ, and Ty) 0 ace eek pgs bets eee ded ware wees Refer Above 
Mounting’ Force’ Required) s. 3.05.60 god fee od ee a a a Be Bias b Bee ne eet 3500 — 4200 Lbs. 

15.6 — 18.7 KN 
NOTES: 


1 10 msec voltage sinewave. 


2 di/dt rating established in accordance with EIA-NEMA Standard RS-397, Section 5.2.2.6. This di/dt is in addition to the discharge of 
a 0.2 pf, 20 ohm snubber circuit in parallel with the DUT. This is a non-repetitive rating. 
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CHARACTERISTICS 
TEST CONDITIONS 


Peak Off-State and Ty = +25°C, V = Vprm = Vrarm 
Reverse Currents 


mA 
Peak Off-State and mA Ty = +125°C, V = Vorm= Vrrm 

Reverse Currents 

Effective Thermal Resist- °C/Watt | Double-Side Cooled (DC) 

ance Junction-to-Case 


Critical Linear Rate-of-Rise Ty = +125°C, Vprm = -80 Rated 
of Forward Blocking Volt- Gate Open! 


age (Higher values may 
cause device switching) 
Switching from 900 Volts, 20 Volt, 10 Ohm 
Gate 0.5 usec Rise Time, Ty = 25°C 
Gate Pulse Width See Figure 11. 
Necessary to Trigger 


To = 25°C, Vp = 0 Vdc, Ry = 3 Ohms 


To = +125°C, Vp = .5 x Rated, 
R, = 1000 Ohms 


Gate Trigger Voltage : : Vdc To = 25°C, Vp = 10 Vdc, Ry = 3 Ohms 
Tc = 125°C, Vp =.5 x Rated, 
R, = 1000 Ohms 

Peak Gn-State Voltage . Tc = +125°C, Iy = 2000 Amps. Peak 
Duty Cycle < 0.01% 


Conventional Circuit Com- (1) Te = +125°C 

mutated Turn-Off Time (2) I; = 500 Amps. 

(With Reverse Voltage) Ve 2 50 Volts 
80% VpRM Reapplied : 
Rate-of-rise of Forward Blocking Volt- 
age = 400 V/usec. 
Gate Bias = Open During Turn-Off 
Interval = 0 Volts, 100 Ohms 
Duty Cycle < 0.01% 


Conventional Circuit Com- Tc = +125°C 
mutated Turn-Off Time Iy = 500 Amps. 
(With Feedback Diode) Vr = 2 Volts Min. 
80% Vprm Reapplied! 
Rate-of-rise of Forward Blocking Volt- 
age = 400 V/usec. 
Gate Bias = Open During Turn-Off 
Interval 
(7) Duty Cycle < 0.01% 


1 1440 V is maximum for C613PT and C613L. 
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NOTES: 
1. Switching voltage range: Vp = 15V — 0.8 VorMm. 
2. Peak snubber discharge current <50A. RC <10psec. 
3. High gate drive: 20V/10 Ohms, O.5psec rise time. 
4. Reverse voltage < SOV. If no bypass diode is used, 
reverse recovery losses must be added. 
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PEAK ON-STATE CURRENT- AMPERES 


PULSE BASE WIDTH- MICROSECONDS 
3. ENERGY PER PULSE FOR SINUSOIDAL 
PULSES 
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PEAK ON-STATE CURRENT- AMPERES 
PEAK ON-STATE CURRENT- AMPERES 
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PULSE BASE WIDTH- MICROSECONDS PULSE BASE WIDTH- MICROSECONDS 
4. MAXIMUM ALLOWABLE PEAK ON-STATE 5. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT FOR RISING CURRENT FOR RISING 


DI/DT = 100 A/uSEC. (Tc = 65°C) 1018 DI/DT = 100A/uSEC. (Te = 90°C) 


IR(REC)-PEAK REVESE RECOVERY CURRENT (AMPERES) 
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PULSE BASE WIDTH- MICROSECONOS 
6. ENERGY PER PULSE FOR TRAPEZOIDAL 
CURRENT WAVEFORMS FOR 
100A/uSEC. RISING DI/DT 


NOTES: 


1. Switching voltage range: Vp = 15V — 0.8 VpRM.- 
2. Peak snubber discharge current <50A. RC <10psec. 
3. High gate drive: 20V/10 Ohms, 0.5psec rise time. 
4. Reverse voltage <50V. 


10,0007 —— NOTES: VOLTAGE (Volts) | CURRENT (Amps) 
6,000 1.145 100 
; 1.300 200 
ia 4,000 1.423 300 
4 1.533 400 
$ 1.634 500 
= 2,000 1.731 600 
. 1.824 700 
@ 1,000 1.914 800 
e es 2.002 900 
3 2,089 1000 
we ege 2.174 1100 
Abe 2.257 1200 
: 2.340 1300 
3 2,422 1400 
200 2.503 1500 
2.900 2000 
3.665 3000 
1005 4 : 4 4 4.410 4000 
MAXIMUM ON- STATE VOLTAGE - VOLTS 5.142 5000 
7. FORWARD CONDUCTION CHARACTERISTICS 5.865 6000 

ON-STATE 


9000 pr 
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RECOVERY CURRENT AND CHARGE @ Tj = 125° C 


te) 100 200 
dI, /dt (A/psec) 
8. RECOVERED CHARGE (125°C) 


12t RATING 
AMPERES2 
SECONDS x 1000 


PEAK SURGE CURRENT 
AMPERES x 1000 


OpiRecy- REVERSE RECOVERY CHARGE (MICROCOULOMBS } 
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Lo 15 2 3 4 5 6 7 8 9 10 
PULSE BASE WIDTH - MILLISECONDS 


9. SUB-CYCLE SURGE AND I?t RATING 
FOLLOWING RATED LOAD 
CONDITIONS (Sinusoidal Waveform) 


og Tj REFERENCE - 3¢ 
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INSTANTANEOUS GATE VOLTAGE - VOLTS 


T) REFERENCE - 64 


T@ DOUBL 


E SIDE COOLED 


NOTES: 


For 3@ thermal resistance add .0037°C/W along entire 
curve length. 
For 6@ thermal resistance add .001°C/W along entire 
curve length. 
For DC thermal resistance subtract .005°C/W along entire 
curve length. 


10. TRANSIENT THERMAL IMPEDANCE — 
JUNCTION-TO-CASE 
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INSTANTANEOUS GATE CURRENT ~ AMPERES 
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NOTES: 

1. Maximum allowable gate dissipation = 3 watts. 

2. The locus of possible DC-trigger points lies outside the 
boundaries shown at various junction temperatures. 

3. Loadlines 30V/15 22, 20V/10 QQ and similar are rec- 
ommended as minimum gate drives for most inverter 
application; rise time <0.5 psec; Tp = 10 psec. 

4, Loadline 15V/30 Q2 is the minimum usable gate drive. 
Snubber resistances must be > 30 (2 when turning on 
from > 800V bias. Delay-time may be increased. di/dt 
rating <100A/psec. 


11. MAXIMUM ALLOWABLE PEAK GATE POWER 
VS. GATE PULSE WIDTH 


T= LENGTH OF 
STRAIGHT LEAD 


OUTLINE DRAWING 
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DECIMAL METRIC 


INCHES M.M. 
SYM | MIN. | MAX. MIN. | MAX. 
LA 240 [7.260 [6.096 | 6.604] 
| 8 | 110 [130] 2.794 | 3.302] 
Pc [2s 6223 
[o [186 [tor | 4.724 | 4.881 | 
[Ee | 060 [075 | 1.524 [7.905 | 
PF [430 736.32] 
[co || 1.065 |__| 27.087 ] 
} 4» | .o11 | 019 [7 2.794 | 3.483] 
056 .060 4 1.524 
| M_| 1.000 | 1.065 27.05 
Cay oa0 : 
ee 3.302 | 3.810 
| Q | 1.300 Set aes 
pR fT aso [54.61] 
| Ss | .067 083 1.702 [2.11 
| 1 [12.200 309.9 [313.9 
183 
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ASSEMBLY OF PRESSPAKS TO HEAT DISSIPATORS 


The following instruction is essential for maintaining low, 
stable thermal and electrical resistances associated with the 
Presspak to heat dissipator surfaces. 


1. INSPECTION OF MATING SURFACES 

Check each mating surface for nicks, scratches, flames 
and surface finish. The Presspak surface has a total in- 
dicator reading TIR < .0005 inch and surface S* finish 
prior to factory electrical test in pressure fixtures. The 
dissipator surface should be equally as good. The TIR of 
a fully tested Presspak may run higher but not exceed 
.00O1 inch not including some minor nicks and scratches 
also associated with test fixtures. (Recommended mount- 
ing force is based upon these requirements.) 


2. SURFACE DEOXIDATION AND CLEANING 
Although plated surfaces are recommended for alumi- 
num and copper heat dissipators, bare surfaces may be 
used if careful attention to cleaning and treating is as- 
sured, Plated surfaces and Presspaks should be lightly 
sanded with 600 grit paper, then oil or compound ap- 
plied as recommended. Unplated surfaces should be 
vigorously abraided with a fine wire brush or 3M 
“Scotchbrite” coated with Alcoa #2 compound. The 
Alcoa #2 should be removed and the recommended 
compound applied. 
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3. FINAL SURFACE TREATMENT ® © 


Apply silicone oil or thin layer of grease or compound 
as indicated below. Rotate the Presspak to properly dis- 
tribute the applied agent. 
e bare copper — use G322L or LS2037*; 
bare aluminum — use Alcoa #2 or G322L; 
tin-plated copper or aluminum — use SF1154 pre- 
ferably, or G623 or G322L; 
nickel-plated aluminum — use SF1154 or G623; 
silver-plating is not recommended. 


. MOUNTING 


Assemble with specified mounting force applied through 
a self-leveling swivel connection. The force has to be 
evenly distributed over the full area. Center holes on 
top and bottom of the Presspak are for locating. 


NOTES: 


Silicone oil SF1154, 200 centistoke, clear silicone grease 
G623, and yellow compound G322L are products of the 
General Electric Company; compound Alcoa #2 is a pro- 
duct of Aluminum Company of America; and LS2037 black 
compound is product of Arco Company, 7301 Bessemer 
Avenue, Cleveland, Ohio. 


©) Limit maximum joint temperature to 95°C, except for those 
prepared with SF1154 or G322L, which are limited to 
150°C. 


HIGH SPEED _ C648 


Silicon Controlled Rectifier 
1200 Volts 1150 ARMS 


AMPLIFYING GATE 


The General Electric C648 Silicon Controlled Rectifier is designed for power 
switching at high frequencies. This is an all-diffused Press-Pak device employ- 
ing the field-proven interdigitated amplifying gate system. 


FEATURES: 


¢ Interdigitated gate structure to maximize high frequency current switching 
capability. 

Fully characterized for operation in inverter applications. 

High di/dt ratings. 

High dv/dt capability with selections available. 

Guaranteed maximum turn-off time with selections available. 

Rugged hermetic glazed ceramic package having 1" creepage path. 


Nn 
Nn 
fo) 
o 


2000 SINUSOIDAL 
50% DUTY CYCLE 


180° SONBUETION 


1800 


a 
° 
fe) 


PEAK ON-STATE CURRENT-AMPERES 


1400 
50 100 1000 10000 


FREQUENCY - Hz 


Equipment designers can use the C648 SCR in demanding applications, such as: 


© Choppers e Sonar Transmitters e Cycloconverters 
e Inverters e Induction Heaters e Dc to DC Converters 
e Regulated Power Supplied e¢ Ratio Transmitters e High Frequency 


FOR SINE WAVE OPERATION 
Like the Types C358, C385, C388, C395 and C398, the C648 SCR is rated for: 


e Peak Current e Frequency 
vs. 
e Pulse Width e Case Temperature 
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MAXIMUM ALLOWABLE RATINGS 


REPETITIVE PEAK REPETITIVE PEAK NON-REPETITIVE PEAK 
OFF-STATE VOLTAGE REVERSE VOLTAGE REVERSE VOLTAGE 


Vopr!" Varo! Vaso!) 
Ty = -40°C to +125°C Ty = -40°C to +125°C Ty = +125°C 


C648E 500 Volts 500 Volts 600 Volts 
C648M 600 600 720 
C6488 700 700 840 
C648N 800 800 960 
C648T 900 900 1080 
C648P 1000 1000 1200 
C648PA 1100 1100 1300 
C648PB 1200 1200 1400 


1 Half sinewave waveform, 10 ms max. pulse width. 


Peak One Cycle Surge (Non-Repetitive) On-State Current, Ipgy .- ee es 10,000 Amperes 
I’t (for fusing) for times > 1.5 milliseconds .. 2... 2... 2.0... ees 190,000 (RMS Ampere)? Seconds 
I’t (for fusing) for times > 8.3 milliseconds .... 2.2.0.0 0.00022 ee eee 415,000 (RMS Ampere)? Seconds 
Critical Rate-of-Rise of On-State Current, Non-Repetitivet. .. 0.0... ee ee teens 800 A/ys 
Critical Rate-of-Rise of On-State Current, Repetitivef 0.2... 2. ee ee eee nes 500 A/ps 
Average Gate Power Dissipation, Pg(av) ---- eee ee teen eee tenes 2 Watts 
Storape Pemperatute, Tape, caine ae ti evade See ere ees ade am actizen ha yee NSS -40°C to +150°C 
Opératitip: Temperature, Tyo 4-44 be ob Bd Raval Mua fo iced da Bou pe Beebe ears -40°C to +125°C 
Mounting Force Required... 2... eee eee ee 3000 Lb. + 500 Lb. — 0 Lb. 


13.3 KN + 2.2 KN—-0O KN 


+di/dt ratings established in accordance with EIA-NEMA Standard RS-397, Section 5.2.2.6 for conditions of max. rated VpRM; 20 volts, 
20 ohms gate trigger source with 0.5us short circuit trigger current rise time. 
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Repetitive Peak Reverse 
and Off-State Current 


Repetitive Peak Reverse 
and Off-State Current 


Critical Rate-of-Rise of 
Off-State Voltage (Higher 
values may cause device 
switching.) 


CHARACTERISTICS 


TEST CONDITION 


Ty = +125°C, Gate Open. 80% of Vprm 
Reapplied, linear or exponential rising 
curved form. 


Exponential dv/dt = 


0.8 Vor 
— DRM (632) 


Higher minimum dv/dt selections available — consult factory. 


DC Gate Trigger 
Current 


350 


DC Gate Trigger 


Conventional Circuit 
Commutated Turn-Off 
Time (with Reverse 
Voltage) 


Conventional Circuit 
Commutated Turn-Off 
Time (with Feedback 
Diode) 


+Consult factory for maximum turn-off time. 


100 


1024 


T; = 
Ty = 


+25°C, Vp = 6 Vdc, Ry, = 3 ohms. 
-40°C, Vp a 6 Vdc, Ry = 3 ohms. 


Ty = +125°C, Vp = 6 Vdc, Ry, = 3 ohms. 


Ty = 25°C to +125°C, Vp = 6 Vdc, Ry = 
3 ohms. 


Ty = 


-40°C to 25°C, Vp = 6 Vde, Ry = 


3 ohms. 


= 125°C, Vprm, Ry = 1000 ohms. 


7 = +25°C, I~m = 2000 Amps peak. Duty 
— < .01%. 


= +125°C 
i, = 500 Amps. 
Vr = 50 Volts Min. 
80% of Vprm Reapplied. 
Rate-of-Rise of Reapplied Off-State 
Voltage = 400 V/usec (linear). 
Commutation di/dt = 25 Amps/usec. 
Repetition Rate = 1 pps. 
Gate Bias During Turn-Off Interval = 0 
Volts, 100 Ohms. 


Ty = +125°C 

Iym= 500 Amps. 

Vr = 1.5 Volts 

80% of VpRM Reapplied. 

Rate-of-Rise of Reapplied Off-State 
Voltage = 400 V/psec (linear). 
Commutation di/dt = 25 Amps/usec. 
Repetition Rate = 1 pps. 

Gate Bias During Turn-Off Interval = 0 
Volts, 100 Ohms. 


SINE WAVE CURRENT RATING DATA C648 


 e =e 


= = 


PEAK ON-STATE CURRENT-AMPERES 


100 
10 


PULSE BASE WIDTH-yS 


1. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. PULSE WIDTH (Tc = 65°C) 


PEAK ON-STATE CURRENT -AMPERES 
3 
° 
3° 


10 100 1000 10000 
PULSE BASE WIDTH-yS 


2. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. PULSE WIDTH (Tg = 90°C) 


NOTES: 
(Pertaining to Sine and Trapezoidal Wave Current Ratings) 


2. Reverse voltage < 50 volts. 

3. R-C snubber current, 152, .25yf. 

4. Energy per pulse graph includes reverse recovery losses 
but no blocking power. Blocking power on an energy 
per pulse basis is approximately: 


WS/P = (RMS Value of Blocking Voltage) 
se Maximum Leakage Current 


Frequency 
This energy should be added to values from curves. 


1000 


PEAK ON-STATE CURRENT -AMPERES 


PULSE BASE WIDTH-»S 


3. ENERGY PER PULSE FOR SINUSOIDAL PULSES 
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TRAPEZOIDAL WAVE CURRENT RATING DATA 


PEAK ON-STATE CURRENT-AMPERES 
3 
[=] 
o 


Vew = 800V, 152, .25uF 


Vea < 50V 
Toase = core 
100 it it 
10 100 1000 
PULSE BASE WIDTH-yuS 


4. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. PULSE WIDTH (Tc = 65°C) 


PEAK ON-STATE CURRENT-AMPERES 


100 1000 
PULSE BASE WIOTH-ypS 


5. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT VS. PULSE WIDTH (Tc = 90°C) 


10000 


MI 
oa 


2 ‘a 
+di/dt = 100A/uS +H <a 
[- ~di/dt = 100A/us TH \ inane 

iP NY A 


I 152, .25nF 
L Vp $ 50V 
Ty # 125°C 


1000 


PEAK ON-STATE CURRENT - AMPERES 


100 
to 


PULSE BASE WIDTH-yS 


6. ENERGY PER PULSE VS. PEAK CURRENT 
AND PULSE WIDTH (di/dt = 10U A/uSEC) 
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Includes reverse recovery tosses but no blocking power. 
Blocking power on an energy per pulse basis is approximately: 


WS/P = (RMS Value of Blocking Voltage) 
ig Maximum Leakage Current 


Frequency 
This energy should be added to values from curves. 


INSTANTANEOUS ON-STATE CURRENT-AMPERES 


1000 


100 


INSTANTANEOUS GATE VOLTAGE - VOLTS 


INSTANTANEOUS ON-STATE VOLTAGE 
7. MAXIMUM ON-STATE CHARACTERISTICS 


12+ RMS 
AMP2 SEC x 1000 


HALF SINE WAVE 
PEAK ON-STATE 
CURRENT -AMPERES x |O00 


4 5 2 25 3 4 5 6 7 8 
PULSE BASE WIDTH - mSEC 


9, SUB-CYCLE SURGE (NON-REPETITIVE) 
ON-STATE CURRENT AND I?t RATING 


40 


20V, 202 


0 
O.l 2 5 1.0 2 
INSTANTANEOUS GATE CURRENT - AMPERES 


10 


| DOUBLE SIDED COOLING il 


TRANSIENT THERMAL 
IMPEDANCE -°C/ WATT 


: 1 10 100 
TIME - SECONDS 


8. TRANSIENT THERMAL IMPEDANCE — 
JUNCTION-TO-CASE 


RECOVERED CHARGE (, COULOMBS) 


REVERSE di/dt (A/«S) 


10. TYPICAL RECOVERED CHARGE (125°C) 
SINEWAVE CURRENT WAVEFORM 


NOTES: 

1. The locus of possible de trigger points lies outside the 
boundaries shown at various case temperatures. 

2. Tp = rectangular gate current pulse width. 

3. 20V-202 is the minimum gate source loadline when 
rate of circuit current rise > 100 Amp/us. Maximum 
long-term repetitive anode di/dt = 500 Amp/us with 
20V-202 gate source, 


11. GATE TRIGGER CHARACTERISTICS 
AND POWER RATINGS 
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OUTLINE DRAWING 


T = 
ve ———" 
1.000 Ls 
N not: I 
CREE PAGE ——_[_ 


T= LENGTH OF 
STRAIGHT LEAD 


DECIMAL METRIC 

INCHES MM. 
[sym MIN. | MAX. | MIN. | MAX. | 
a|[ 240] 260; 6096] 6.604) 
Te [10 130] 2794] 3.302] 
c| 245 6.223 
D|_te6} ist | 4.724] 4.851] 
E| .o6of .o7s| 1524] 1905 
F 1.430 36.32 | 
6 1,065] 27.051 
H = 2.500] 55.88 | 63.50 
v[ .ou| o19] 2794] 3.483 
K[ .030| 130] _.762| 3.302 
L| 056] o6o| 1422| 1524 
M|_ 1.000] 1.065] 25.40 | 27.05 
Nn] .030[ 096] .762| 2.438 
P| 130] 150] 3.302] 3.810 
Q[ 1300] 1.345] 33.02 | 34.16 
R 2.150 54.61 
s | .067! 083] 1,.702| 2.110 | 
T [12 at 12.360809.9 [313.9 | 
ul 137] 153] 3.480] 3.886 


SUGGESTED MOUNTING METHODS FOR PRESS-PAKS TO HEAT DISSIPATORS 


When the Press-Pak is assembled to a heat sink in accord- 
ance with the following general instructions, a reliable and 
low thermal interface will result. 


1. Check each mating surface for nicks, scratches, flatness 
and surface finish, The heat dissipator mating surface 
should be flat within .0005 inch/inches and have a sur- 
face finish of 63 micro-inches. 


2. It is recommended that the heat dissipator mounting 
surfaces be plated with nickel, tin, or silver. Bare alumi- 
num or copper surfaces will oxidize in time resulting in 
excessively high thermal resistance. 


3. Sand each surface lightly with 600 grit paper just prior 
to assembly. Clean off and apply silicon oil (GE 
SF1154, 200 centistoke viscosity) or silicone grease 
(GE G322L or Dow Corning DC 3, 4, 340 or 640). 
Clean off and apply again as a thin film. (A thick film 
will adversely affect the electrical and thermal 
resistances.) 


4. Assemble with the specified mounting force applied 
through a self-leveling, swivel connection. The force 
has to be evenly distributed over the full area. Center 
holes on both top and bottom of the Press-Pak are for 
locating purposes only. 
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High Power 


Silicon 


Controlled Rectifier 
1250 A Avg., upto 2000 Volts 


a 
7 
“ 


AMPLIFYING GATE 


The C701 Series of high power SCR’s feature the newly developed multi- 
diffusion technology using 53mm diameter silicon in a new, pressure- 
mounted package for phase control. 


FEATURES: 
e 1250 Amps. Average Single Phase Current @ Tc = 60°C 
e 20,000 Amps. Surge Current 
e Glazed Ceramic Hermetic Package with 1” Creepage Path 
e Reliability of Pressure Contacts Plus Reversibility of the Package 
e Available in Factory Assembled Heat Exchanger or Ready-to-Mount 
e Complementary Rectifiers 


IMPORTANT: Mounting instructions on the last page of this specification must be followed. 


MAXIMUM ALLOWABLE RATINGS 


REPETITIVE PEAK OFF-STATE | REPETITIVE PEAK OFF-STATE | TRANSIENT PEAK REVERSE 
AND REVERSE VOLTAGE, AND REVERSE VOLTAGE, VOLTAGE (NON-RECURRENT 
Vorm/Varmu! Vorm/Varu! <5 MILLISEC.), Vrsm 
Ty = -40°C to +125°C T, = 0°C to +125°C Ty = -40°C to +125°C 


C701PA 1100 Volts 1200 Volts 1200 Volts 
C701PB 1200 1300 1300 
C701PC 1300 1400 1400 
C701PD 1400 1500 1500 
C701PE 1500 1600 1600 
C701PM 1600 1700 1700 
C701PS 1700 1800 1800 
C701PN 1800 1900 1900 
C701PT 1900 2000 2000 

2000 2100 2100 


Average Forward Current, On-State 2.2.0... eet tte ees Depends on Conduction Angle 
Peak One-Cycle Surge On-State Current, IpgM . 2... ee ee ee ene eee 20,000 Amperes 
Maximum Rate-of-Rise of Anode Current Turn-On Interval 
(Switching Rates < 60Hz) 2.0... eee ee eee Switch From <1000V 150A/ysec 
I?t (for fusing) (at 8.3 milliseconds) .. 1.6... eee ee eee nen 1,660,000 Ampere? Seconds 
Peak Gate Power Dissipation, Pay... . ee ee ee ne te ee te eee eee eee 40 Watts 
Average Gate Power Dissipation, Pggavy.- eee ee ee te ee te tee 5 Watts 
Peak Reverse Gate Voltage, VoRM . +. ee ect eee ee ee ene eee ee et eee 5 Volts 
Storage Temperature, TgTG.. 2. ccc ee te ee eee eee ee treet eee eens -40°C to +125°C 
Operating Temperature, Ty... 0.2 cece cece ee eee ene eee ete neta eee ees -40°C to +125°C 
Mounting Force Required... 1... een ee tee ween 5000 — 7000 Lbs. 
22.2 — 31.2 KN 
NOTES: 


Surge current rating is established in accordance with EIA-NEMA Standard RS-397, Paragraph 5.2.2.1. 


Required trigger source — 20 volts, 10 ohms; maximum switching voltage — 1000 volts; short-circuit gate supply current risetime — 0.5psec. 
(This short-circuit current may be measured with a TEKTRONICS current probe): RC Snubber circuit used across SCR: 22 ohms, 0.5yf. 


Repetitive di/dt réfing is established in accordance with EIA-NEMA Standard RS-397, Section 5.2.2.6. 
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CHARACTERISTICS 
TYP. 


TEST SYMBOL 


Peak Reverse and Off- 
State Mocking Current 


MAX. 


TEST CONDITIONS 
Ty = +25°C, V = Vprm = Varm 


UNITS 
m 


Peak Reverse and Off- 
State Blocking Current 


Effective Thermal Resist- 
ance, Junction-to-Case 


Critical Linear Rate-of- 
Rise of Forward Block- 
ing Voltage (Higher values 
may cause device switching) 


is ins a ie ee ie ah 


Adc To = +25°C, Anode voltage = 24 Vdc. 
Load resistance 12 ohms max. 


tsec Switching From 300 Volts. 20 volt, 10 ohm 
Gate. 0.5 usec Rise Time, Ty = 25°C 


Ict — 60 150 mAdc | Tc = 25°C, Vp = 10 Vde, Ry, = 3 ohms 


Tc = +125° C, Vp =.5 x Rated, Ry = 
1000 ohms 


Tc = 0°C to +125°C, Vp = 10 Vde, 
Ry = 1000 ohms 


To = +125°C, Vp =.5 x Rated, Ry, = 
1000 ohms 

1.70 Volts Tc = -40°C to +125°C, Ir = 3000 Amps. 
Peak. Duty Cycle < 0.01% 


125 | 250 | usec To = +125°C 


(2) Ip = 1000 Amps. 
Amps 


Ty = +125°C, V= VprMm = VrrM 


Junction-to-Case — Double Side Cooled 
(DC) 


Ty = +125°C, Vprm = .80 Rated, Gate 
Gate Open. 


.023 | °C/Watt 


dv/dt 200 500 V/psec 


BY 
a 
=z 
nA 
a wn 
=} 
> > 


Teo = +25°C, Anode supply = 20 Vdc. 
Initial On-State Current = 500 amps. 


ee} 91 & 
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Gate Trigger Current 


See Figure 8 


Gate Trigger Voltage Vde 


See Figure 8 


a 
wv 
> 
wv 


Circuit Commutated 
Turn-Off Time 


(3) Vp = 75 Volts min. 

(4) 0.5 VpRM Reapplied 

(5) Rate-of-rise of reapplied forward bliock- 
ing voltage = 50V/usec. (linear) 

(6) Gate bias during turn-off interval, 

Duty cycle < 0.01% 


To = 115°C' 

(2) Vp = .67 VpRM 

(3) .67 Varm Applied, 8.3 msec after 
completion of surge. 

(4) Figure 10. 


Suppressible Surge 
Current 
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MAX. ALLOWABLE SINK TEMPERATURE ~-°C 


40 CONDUCTION ANGLE =30° 
MAXIMUM SOURCE FREQUENCY =60Hz 


500 1000 1500 
AVERAGE ON-STATE CURRENT-AMPERES 


1. MAXIMUM ALLOWABLE HEATSINK 

TEMPERATURE FOR SINUSOIDAL 
CURRENT WAVEFORM — 
DOUBLE-SIDE COOLING 


i 


g '20 


MAX. ALLOWABLE SINK TEMPERATURE — 


PHASE ANGLE=12 PH 
MAXIMUM SOURCE FREQUENCY:60 Hz 


| | 


1 1 
500 19000 {500 
AVERAGE ON-STATE CURRENT - AMPERES 


3. MAXIMUM ALLOWABLE HEATSINK 
HEATSINK TEMPERATURE — CIRCUIT 
PHASE CURRENT WAVEFORM — 


DOUBLE-SIDE COOLING 
T rT 


3000 


MAXIMUM SOURCE FREQUENCY = 100 
bu ie eerie (21/2 


2000;— 


1000 


AVERAGE POWER DISSIPATION - WATTS 


le 
OUTY CYCLE (%) = 100(t/T) 
a 1 _L 


i 
° 500 1000 1500 
AVERAGE ON -STATE CURRENT — AMPERES 


5. FORWARD POWER DISSIPATION FOR 
RECTANGULAR CURRENT WAVEFORM 


AVERAGE POWER DISSIPATION - WATTS 


AVERAGE POWER DISSIPATION — WATTS 
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MAX. ALLOWABLE SINK TEMPERATURE C 


TY CYCLEN21/2% 
MAXIMUM source FREQUENCY =tOOHz 


500 1000 
AVERAGE ON-STATE CURRENT - AMPERES 


2. MAXIMUM ALLOWABLE HEATSINK 

TEMPERATURE FOR RECTANGULAR 
CURRENT WAVEFORM — 
DOUBLE-SIDE COOLING 


Ea 
we EEE A 
eee ea 
a 
(a ra 


500 1000 

AVERAGE ON-STATE CURRENT (AMPERES) 

4. AVERAGE FORWARD POWER DISSIPATION 
FOR SINUSOIDAL CURRENT WAVEFORM 


1500 


3000 
[_ Maximum SOURCE FREQUENCY |= 60"HZ. 
+———_}+-— PHASE- ANGLE} = (2 
t 
2000 
a es 

1000 
Ty=l25°C 
O° 14 180° |— 
PHASE ANGLE 


500 
AVERAGE ON-STATE CURRENT - AMPERES 
6. AVERAGE FORWARD POWER DISSIPATION 


1500 


ON-STATE CURRENT -AMPERES 


TRANSIENT THERMAL IMPEDANCE 


I SS CS x 
EXPECTED] RANGE [OF [GATE (Ig VS. Vg) 
CHARACTERISTIC] AND_|REPETITIVE| PULSE_| | 
eo 


n 
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INSTANTANEOUS GATE VOLTAGE 
re) 


2 at T 1 
a) 2 3 4 5 2 4. 67 8. 2, 47-6 6 10 
ON- STATE VOLTAGE - voLTS INSTANTANEOUS GATE CURRENT - AMPERES 


7. MAXIMUM ON-STATE CHARACTERISTICS 8. TRIGGERING CHARACTERISTICS 


6 7 wl 


NOTES: 


1. Add .006°C/W to account for both case to dissipator 
interfaces when properly mounted; e.g., R@ys = .029° 
C/W. See Mounting Instructions. 

2. DC Thermal impedance is based on average full cycle 
junction temperature. Instantaneous junction tempera- 
ture may be calculated using the following modi- 
fications: 
® end of conducting portion of cycle 

— 120° sq. wave add .0025°C/W along entire curve 

— 180° sq. wave add .0018°C/W along entire curve 

— 180° sine wave add .0010°C/W along entire curve 
© end of full cycle 

— any wave, subtract .001°C/W along entire curve. 


Ol 


eye] 
Ol wl L 5 
TIME - SECONDS 


9. TRANSIENT THERMAL RESISTANCE — 
JUNCTION-TO-HEATSINK 


Tpy4( SUP} 
CURRENT IX 
-t 


-8.3ms —++ 8.3ms — 5.Vprm 
VOLTAGE] Vv REAPPLIED 


VR 


—.67 Vero 


10. SUPPRESSIBLE SURGE CURRENT TEST 
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SWITCHING VOLTAGE 


T REC, PEAK RECOVERY CURRENT - AMPERES 


2000 


1500 


MIN. SNUBBER RESISTANCE (OHMS) ** C701 


fe) 20 30 40 NOTES: 
Code: +H4+4+4+ Non-Repetitive High Gate Drive 


Repetitive High Gate Drive 
Non-Repetitive Low Gate Drive 
Repetitive Low Gate Drive 


Low Gate Drive High Gate Drive 
1000 Source 14V/35 ohms 20V/10 ohms 
366 Pulse Width, tp = 20 Us = 10 Us 
Current Rise Time, t, <2 <0.5 Us 
800 -}-— 
N 
rea ~“ *Permissible circuit di/dt excluding snubber discharge. Re- 
700 [ 7 petitive di/dt is SPCO recommended maximum condition 
to achieve most industrial requirements for service life. It 
600 meets or exceeds the JEDEC test requirements for certi- 
fication set forth in NEMA Std. Sk. 516 (1972). Non- 
500 repetitive di/dt meets the JEDEC 5 second rating. 
**Snubber discharge, is, is treated separately using the mini- 
400 mum value of snubber resistance indicated above. This 
ce) 50 100 150 200A/us applies for tong industrial life (20 — 30 years) in combi- 
CIRCUIT COMMUTATING — di/dt nation with circuit di/dt, 
11. ALLOWABLE DI/DT AND SNUBBER 
RESISTANCE 
1000 200,000 
E 150,000 
100,000 
a 
a 80,000 
w 
@ 60,000 
< 50,000 
i d 40,000 
‘] 
5 
e 30,000 
=} 
rs) 
¥ 20,000 
wi 
7 15,000 150,000 
100,000 
a 10 o> 2 3 a 5 67890 ' 
di/dt (amps/u s) TIME BASE WIDTH OF HALF SINE WAVE — MILLISECONDS 


13. NON-REPETITIVE Iysm AND I7t CAPABILITY 
FOR FUSE COORDINATION 


12. PEAK RECOVERY CURRENT 


OUTLINE DRAWING 


INCHES | MILLIMETERS 
MIN | MAX | MIN | MAx_ [NOTES 


CATHODE 


ANODE 
ELEMENTARY DIAG. 


TERMINAL @) 
WHITE WIRE 


—t 
TERMINAL © 
RED WIRE 
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(AMPERES)® seconds 


c701 


ASSEMBLY OF PRESSPAKS TO HEAT DISSIPATORS 


The following instruction is essential for maintaining low, 
stable thermal and electrical resistances associated with the 
Presspak to heat dissipator surfaces. 


1. INSPECTION OF MATING SURFACES 

Check each mating surface for nicks, scratches, flames 
and surface finish. The Presspak surface has a total in- 
dicator reading TIR < .0005 inch and surface >? finish 
prior to factory electrical test in pressure fixtures. The 
dissipator surface should be equally as good. The TIR of 
a fully tested Presspak may run higher but not exceed 
-001 inch not including some minor nicks and scratches 
also associated with test fixtures. (Recommended mount- 
ing force is based upon these requirements.) 


2. SURFACE DEOXIDATION AND CLEANING 
Although plated surfaces are recommended for alumi- 
num and copper heat dissipators, bare surfaces may be 
used if careful attention to cleaning and treating is as- 
sured. Plated surfaces and Presspaks should be lightly 
sanded with 600 grit paper, then oil or compound ap- 
plied as recommended. Unplated surfaces should be 
vigorously abraided with a fine wire brush or 3M 
“Scotchbrite” coated with Alcoa #2 compound. The 
Alcoa #2 should be removed and the recommended 
compound applied. 
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3. FINAL SURFACE TREATMENT 2 ? 


Apply silicone oil or thin layer of grease or compound 
as indicated below. Rotate the Presspak to properly dis- 
tribute the applied agent. 


bare copper — use G322L or LS2037*; 
bare aluminum — use Alcoa #2 or G322L; 
tin-plated copper or aluminum — use SF1154 pre- 
ferably, or G623 or G322L; 

e nickel-plated aluminum — use SF1154 or G623; 

e silver-plating is not recommended. 


. MOUNTING 


Assemble with specified mounting force applied through 
a self-leveling swivel connection. The force has to be 
evenly distributed over the full area. Center holes on 
top and bottom of the Presspak are for locating. 


NOTES: 


a) Silicone oil SF1154, 200 centistoke, clear silicone grease 
G623, and yellow compound G322L are products of the 
General Electric Company; compound Alcoa #2 is a pro- 
duct of Aluminum Company of America; and LS2037 black 
compound is product of Arco Company, 7301 Bessemer 
Avenue, Cleveland, Ohio. 


b) Limit maximum joint temperature to 95°C, except for those 
prepared with SF1154 or G322L, which are limited to 
150°C. 


High Power 
Silicon | c702_—s 
Controlled Rectifier 
1000 A Avg. Up To 2400V 


AMPLIFYING GATE 


The General Electric C702 Silicon Controlled Rectifier feature the newly 
developed multi-diffusion technology to combine high blocking voltage cap- 
ability with low on-state conduction losses. 


The C702 is designed specifically for phase control applications like DC 
motor control and power supplies, cycloconverters and current regulated 
inverters. 

FEATURES: 

High Repetitive DI/DT 

High DV/DT with Higher Selections Available 

Excellent Surge and I?t Current Ratings for Ease of Fusing 

Rugged Hermetic Ceramic Package with 1” Creep 

Guaranteed Turn-Off Time Selections of 100 psec Available 

Complementary Diodes and Mounting Hardware Available 


IMPORTANT: Mounting instructions on the last page of this specification must be followed. 


MAXIMUM ALLOWABLE RATINGS 


REPETITIVE PEAK OFF-STATE | REPETITIVE PEAK OFF-STATE TRANSIENT PEAK REVERSE 
AND REVERSE VOLTAGE AND REVERSE VOLTAGE VOLTAGE, Vasy! 


Vorm/Varm2 VorM/VReaw2 arts 7 
Ty = -40°C to +125°C T;=0°C to +125°C Ty = -40°C to +125°C 


C702LD 2400 Volts 2500 Voits 2500 Volts 


C702LC 2300 2400 2400 
C702LB 2200 2300 2300 
C702LA 2100 2200 2200 
C702L 2000 2100 2100 


! Half Sine Wave Waveform, 10 msec maximum pulse width. 
2 VprM/VRRM ratings assume Presspak mounted to a heat dissipator of less than 0.3°C/W. 


Average Forward Current, On-State .. 0.20.0... 0. cee cece ee eee Depends on Conduction Angle (See Charts 1 and 2) 
Peak One-Cycle Surge On-State Current, [psy .. 0.0 cee ee etc ben eben nebnnens 15,000 Amperes 
Maximum Repetitive Rate-of-Rise of Anode Current Turn-On Interval 

(Switching Rates < 60HzZ) ...... 0.00.0. cece cece nee eeees Switch From <1000V 125A/usec 
I?t (for fusing) (at 8.3 milliseconds) ©... 00... cece cence cee eeeeeeees 933,000 Ampere? Seconds 
Peak Gate Power Dissipation, Pay .... 2... ccc ccc ccc tee ent e een e en nns 200 Watts @ 40usec Pulse 
Average Gate Power Dissipation, Pacay).. 1... cee eee eaten cece ee eeeeeeetnectns 5 Watts 
Peak Reverse Gate Voltage, VaRM .- cece ccc te eee een eee eee nent eeeeeeeeeeenenes 5 Volts 
Storage: Temperatures Tage: sci os5 wc ied Gcecare ga ach S dapiei ges aiid te Ge ide oatoa wie oa eye ald tanh -40°C to +125°C 
Operating Temperature, Ty 1... ce ete teen e eee nnn nneneees -40°C to +125°C 
Mounting Force Required... 2... Le ee nee eee nae 5000 Lb. + 1000 —O Lb. 


22.2 KN+4.4—0 KN 
NOTES: 
Surge current rating is established in accordance with EIA-NEMA Standard RS-397, Paragraph 5.2.2.1. 


Required trigger source — 20 volts, 10 ohms; maximum switching voltage — 1000 volts; short-circuit gate supply current risetime — 0.5ysec. 
(This short-circuit current may be measured with a TEKTRONICS current probe): RC Snubber circuit used across SCR: 22 ohms, 0.5uf. 


Repetitive di/dt rating is established in accordance with EIA-NEMA Standard RS-397, Section 5.2.2.6. 
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C702 
Se an 


MAXIMUM ALLOWABLE CASE TEMPERATURE -°C 


UNITS TEST CONDITIONS 


Ty = +25°C, V= VDRM = VRRM 


Peak Reverse and Off- 
State Blocking Current 


Peak Reverse and Off- IprRM Ty = +125°C, V = Vprm = VrrM 
State Blocking Current and 
IRRM 


Effective Thermal Resist- 
ance, Junction-to-Case 


°c/Watt | Junction-to-Case — Double Side Cooled 
(DC) (Add .006°C/W for R@cs) 


Ty = +125°C, Vprm = -80 Rated, Gate 
Open. 


Critical Exponential Rate- 
of-Rise of Forward Block- 
ing Voltage (Higher values 
may cause device swit ching) 


Delay Time 
See Figure 9 


Gate Pulse Width 
Necessary to Trigger 


Gate Trigger Current 
See Figure 9 


mAdc | Tce = +25°C, Vp = 10 Vdc, Ry = 3 ohms 
To = +125°C, Vp = .5 x Rated, Ry = 
1000 ohms 
dc Tc = 0°C to +125°C, Vp = 10 Vdc, 
Ry = 3 ohms 
Tc = +125°C, Vp = .5 x Rated, Vopr, 
= = 1000 ohms 
Peak On-State Voltage 2:2 Volts = 125°C, Ip = 3000 Amps. Peak. Duty 
SE < 0.01% 
Circuit Commutated tg 125 250 usec To = +125°C 
Turn-Off Time (2) Ip = 100 Amps. 
(3) Vr = 75 Volts min, 
(4) Vp Reapplied = 0.5 Vprm 
(5) Rate-of-rise of reapplied forward block- 
ing voltage = 50V/usec (linear) 
(6) Gate bias during turn-off interval, 
Duty Cycle < 0.01% 
Suppressible Surge a 13,500 ce To = 115°C 


Gate Trigger Voltage 
See Figure 9 


Current (2) Vr = .67 Vearm 

(3) .67 Vprm Applied, 8.3 msec. after com- 
pletion of surge. 

(4) Figure 14. 
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oer 
EXPECTED RANGE OF GaTE|(ZdVS. Vg) CHARACTERISTIC 
AND REPETATIVE PULSE |LIMITATIONS f° 


ae 
ea 


INSTANTANEOUS GATE VOLTAGE 
3 


LOAD, LINES 
UW 35n 20V/1l0On 


4. 6 8B I. 2. 4. 
INSTANTANEOUS GATE CURRENT- AMPERES 
9. TRIGGERING CHARACTERISTICS 


NOTES: 
1. Add .006°C/W to account for both case to dissipator 
interfaces when properly mounted; e.g., R@yg = .029° 
C/W. See Mounting Instructions. 


2. DC Thermal Impedance is based on average full cycle 
junction temperature. Instantaneous junction tempera- 
ture may be calculated using the following modi- 
fications: 
® end of conducting portion of cycle 

— 120° sq. wave add .0025°C/W along entire curve 

— 180° sq. wave add .0018°C/W along entire curve 

— 180° sine wave add .0010°C/W along entire curve 
@ end of full cycle 

— any wave, subtract .001°C/W along entire curve 


TRANSIENT THERMAL IMPEDANCE °C/WATT 


4 ti} j —t 
Ol 02 04 06 08 | 2 4 
TIME - SECONDS 


10. TRANSIENT THERMAL RESISTANCE JUNCTION-TO-HEATSINK 
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PEAK RECOVERY CURRENT 


20,000 


15,000 { : eee 


PEAK ON- STATE CURRENT 
(AMPERES) 


' 4 6 8 10 ‘0 I 2 3 4 5 6 7 8 SX 
di/dt (amps /us) TIME BASE WIOTH OF HALF SINEWAVE 
MILLISECONDS | 
11. PEAK RECOVERY CURRENT VERSUS 12. NON-REPETITIVE Itsy AND I*t CAPABILITY 
COMMUTATING CIRCUIT DI/DT FOR FUSE COORDINATION 
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MIN, SNUBBER RESISTANCE (OHMS) ** NOTES: C702 
2,000 N a 7 > a Code: +4+4+4++ Non-Repetitive High Gate Drive 
7 ——e Repetitive High Gate Drive 
a Non-Repetitive Low Gate Drive 
1,500 ee Repetitive Low Gate Drive 
Low Gate Drive High Gate Drive 
Source 14V/35 ohms 20V/10 ohms 
1,000 aa Pulse Width, tp 2 20 Us 210 Us 
900 di/at * Current Rise Time, t, <2 <0.5 Us 
800 a : 
Re *Permissible circuit di/dt excluding snubber discharge, Re- 
700 cy Petitive di/dt is SPCO recommended maximum condition 
to achieve most industrial requirements for service life. It 
600 meets or exceeds the JEDEC test requirements for certi- 
fication set forth in NEMA Std. Sk. 516 (1972). Non- 
500 repetitive di/dt meets the JEDEC 5 second rating. 
**Snubber discharge, is, is treated separately using the mini- 
mum value of snubber resistance indicated above. This 
4005 applies for long industrial life (20 — 30 years) in combi- 


200A/ps 


50 100 150 : 7 4 . 
CIRCUIT COMMUTATING§ di/dt nation with circuit di/dt, 


13. ALLOWABLE DI/DT AND REQUIRED SNUBBER RESISTANCE FOR DIFFERENT SWITCHING VOLTAGES 
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14, SUPPRESSIBLE SURGE CURRENT TEST 
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C702 
ASSEMBLY OF PRESSPAKS TO HEAT DISSIPATORS 


The following instruction is essential for maintaining low, 
stable thermal and electrical resistances associated with the 
Presspak to heat dissipator surfaces. 


1. INSPECTION OF MATING SURFACES 

Check each mating surface for nicks, scratches, flames 
and surface finish. The Presspak surface has a total in- 
dicator reading TIR < .0005 inch and surface S% finish 
prior to factory electrical test in pressure fixtures. The 
dissipator surface should be equally as good. The TIR of 
a fully tested Presspak may run higher but not exceed 
.001 inch not including some minor nicks and scratches 
also associated with test fixtures. (Recommended mount- 
ing force is based upon these requirements.) 


. SURFACE DEOXIDATION AND CLEANING 
Although plated surfaces are recommended for alumi- 
num and copper heat dissipators, bare surfaces may be 
used if careful attention to cleaning and treating is as- 
sured. Plated surfaces and Presspaks should be lightly 
sanded with 600 grit paper, then oil or compound ap- 
plied as recommended. Unplated surfaces should be 
vigorously abraided with a fine wire brush or 3M 
“Scotchbrite” coated with Alcoa #2 compound. The 
Alcoa #2 should be removed and the recommended 
compound applied. 


3. FINAL SURFACE TREATMENT ® ® 
Apply silicone oil or thin layer of grease or compound 
as indicated below. Rotate the Presspak to properly dis- 
tribute the applied agent. 
bare copper — use G322L or LS2037*; 
bare aluminum — use Alcoa #2 or G322L; 
tin-plated copper or aluminum — use SF1154 pre- 
ferably, or G623 or G322L; 
nickel-plated aluminum — use SF1154 or G623; 
silver-plating is not recommended. 


. MOUNTING 
Assemble with specified mounting force applied through 
a self-leveling swivel connection. The force has to be 
evenly distributed over the full area. Center holes on 
top and bottom of the Presspak are for locating. 


NOTES: 

@) Silicone oil SF1154, 200 centistoke, clear silicone grease 
G623, and yellow compound G322L are products of the 
General Electric Company; compound Alcoa #2 is a pro- 
duct of Aluminum Company of America; and LS2037 black 
compound is product of Arco Company, 7301 Bessemer 
Avenue, Cleveland, Ohio. 


Limit maximum joint temperature to 95°C, except for those 
prepared with SF1154 or G322L, which are limited to 
150°C, 


HEAT SINK SELECTION MADE EASY 


The C702 specification sheet marks the introduction of 
two new characteristic curves which should greatly facili- 
tate heat sink selection, Figures 5 and 6 plot allowable 
average current versus ambient temperature and case-to- 
ambient thermal resistance for the two most frequently 
encountered waveforms, 1/3 duty cycle rectangular current 
and 180° sinusoidal current waveforms. As soon as the 
average forward current and maximum ambient tempera- 
ture are known, the designer can specify a heat sink thermal 
resistance. Note that the graphs span the range of heat sinks 
from water-cooled (Rg@caq = .03°C/W) to free-air convection 
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(Reéca = 0.3°C/W). It is possible to linearly interpolate 
between the curves for Roca. 


These curves have been derived from the following basic 
equation: 


Ty = Ta + Pave X Rosa 
Ty = 125°C 


For increased reliability, the usual practice is to derate Ty 
15-30 degrees. Figures 5 and 6 can perform this function 
by the simple expedient of raising T, by a like amount. 


where: 


High Speed 


Silicon C712 


Controlled Rectifier 
1000A Avg. Up to 2000 Volts AMPLIFYING GATE 


The General Electric device type C712 is a new pressure-mounted, high 
current SCR designed for power switching at high voltage and high frequen- 
cies (up to 5 KHz). The C712 gate structure has an involute, interdigitated 
pattern to optimize the turn-on area for high di/dt capability and it is pro- 
cessed using a newly developed multi-diffusion technology. 


FEATURES: 


e Off-State and Reverse Blocking Capabilities to 2000 Volts. 

e Very Low Switching Losses at High Frequencies. 

e 60 psec Maximum Turn-Off Time at Severe Operating Conditions with Feedback 
diode. 

e Involute, Interdigitated Gate for High di/dt Capability. 

e Narrow Pulse Capability for PWM Inverter Commutating SCR Socket. 

e 1” Creepage-Path, Glazed-Ceramic Package. 


IMPORTANT: Mounting instructions on the last page of C702 specification must be followed. 
MAXIMUM ALLOWABLE RATINGS 


Vorm/Varm! Vorm/Varu! TRANSIENT PEAK REVERSE 
REPETITIVE REPETITIVE VOLTAGE, Vasm! 
T, = -40°C to +125°C Ty = 0°C to +125°C T, = -40°C to +125°C 


2000 Volts 2100 Volts 2100 Volts 


1900 2000 2000 
1800 1900 1900 
1700 1800 1800 
1600 1700 1700 
1500 1600 1600 


Consult factory for lower rated voltage devices. 


Peak One-Cycle Surge On-State Current, Ipgy (8-3 msec) ©... - ee eee ee tees 20,000 Amperes 
Maximum Rate-of-Rise of Anode Current Turn-On Interval (Switching From 1200 Volts).....-...--++-- 800 A/usec 
Repétitive di/dt Rating? 2.2... 06 see a chia che ceed eee eee ee ee Rene EE Re ae Roe Re as 200 A/usec 
I’t (for fusing) (at 8.3 milliseconds)... 2.6... eee ee ee te eee 1,660,000 Ampere? Seconds 
Peak Gate Power Dissipation, Poy... -- eee ee ee te nee tes 100 Watts 
Average Gate Power Dissipation, Pg(ay)-- +--+ eee ttt terete etree 5 Watts 
Peak Reverse Gate Voltage, VonM - +++ cee ttt teen teen eet ee eee ees 20 Volts 
Storage and Operating Temperature, Tspg and Ty .---- 2-0 eee eee tt tet tes -40°C to +125°C 
Mounting Force Required... 6... eee ee ete ees 5000 Lb. + 1000 — O Lb. 


22.2 KN+ 4.4—0 KN 


NOTES: 
110 msec voltage sinewave. 


2di/dt rating established in accordance with EIA-NEMA Standard RS-397, Section 5.2.2. This di/dt is in addition to the discharge of a 
0.25 pf, 20 ohm snubber circuit in parallel with the DUT. 
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CHARACTERISTICS 


Peak Reverse and On- 
State Blocking Current 


Effective Thermal Resist- 


ance, Junction-to-Case 


Critical Linear Rate-of-Rise 
of Forward Blocking Volt- 
age (Higher values may 
cause device switching) 


Gate Pulse Width 
Necessary To Trigger 


Gate Trigger Current 


ns oe iis ee i a 


Peak On-State Voltage er ae ee 1.45 


Conventional Circuit Com- 
mutated Turn-Off Time 
(With Reverse Voltage) 


Conventional Circuit Com- 
mutated Turn-Off Time 
(With Feedback Diode) 


o 


a 


PEAK FORWARD CURRENT (KiILOAMPS) 


50 


1. 


100 


200 
PULSE BASE WIDTH (SEC) 
MAXIMUM ALLOWABLE PEAK ON-STATE 


CURRENT VS. PULSE WIDTH AT Tc = 65°C 


400 6008001000 2000 400060008000I0000 


PEAK FORWARD CURRENT (KILOAMPS) 


1042 


TEST CONDITIONS 


Ty = +125°C, VpRM = .80 Rated VRRM 
Gate Open. 


Switching from 140 Volts, 20 Volt, 10 Ohm 
Gate 0.5 psec Rise Time, Ty = 25°C 


T 


Tc = +125°C, Vp = .5 x Rated, Ry = 
1000 Ohms 


Tc = 0°C to +125°C, Vp = 10 Vdc, Ry = 
3 Ohms 


Tc = +125°C, Ip = 1000 Amps. Peak 
Duty Cycle < 0.01% 


Te = +125°C 

Iy = 500 Amps. 

VR = 50 Volts 

80% Vprm Reapplied 

Rate-of-Rise of Forward Blocking Volt- 
age = 200 V/usec 

Gate Bias = Open During Turn-Off 
Interval = 0 Volts, 100 Ohms 

Duty Cycle < 0.01% 


To = +125°C 

Iy = 500 Amps. 

Vp = 2 Volts Min. 

80% Vprm Reapplied 

Rate-of-Rise of Forward Blocking Volt- 
age = 200V/xsec. 

Gate Bias = Open During Turn-Off 
Interval 

Duty Cycle < 0.01% 


5000 Te = 90°C 
uu i -t it 
50 100 200 400 6008001000 2000 4000 6000800010000 
PULSE BASE WIDTH { u SEC) 
2. MAXIMUM ALLOWABLE PEAK ON-STATE 


CURRENT VS. PULSE WIDTH AT Tc = 90°C 


NOTES: 
1. —— Switching capability and losses with bypass 
diode. 
2. Switching voltage from 15 Volts to 0.8 Voryy.- 
3. Snubber discharge <. 50 Amps. RC time constant 
<10 psec. 
High gate drive, 20V/10 Ohms, 0.5 usec rise time. 


PEAK FORWARD CURRENT (KILOAMPS) 


200 500 i900 2p00 
PULSE BASE WIDTH (uSEC) 


3. ENERGY PER PULSE FOR SINUSOIDAL 
PULSES 


FORWARD CURRENT (KILOAMPS) 


FORWARD CURRENT (KILOAMPS) 


02 


100 


200 500 1000 2,000 
PULSE BASE WIDTH (a, sec } 


4. MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT FOR TRAPEZOIDAL CURRENT 
WAVEFORMS FOR Tc = 65 C 
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MAXIMUM ALLOWABLE PEAK ON-STATE 
CURRENT FOR TRAPEZOIDAL CURRENT 


WAVEFORMS FOR Tg = 90°C 


100 


NOTES: 


. Switching voltage from 15 Volts to 0.8 Vorm- 


D1/DT during turn-on: 100A/usec. 


Reverse voltage <. 50 Volts. If no bypass diode is 
used, recovery switching losses must be added, 


RC snubber time constant < 10 psec. 
High gate drive: 20V/10 Ohms, 0.5 Usec rise time. 


6. ENERGY PER PULSE FOR TRAPEZOIDAL 
CURRENT WAVEFORMS 
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S555 


L C 7i2 FORWARD CONDUCT 


3 4 5 
ON~- STATE VOLTAGE 


7. FORWARD CONDUCTION CHARACTERISTIC 


ON-STATE 


ite) 20 50 100 200 
di/dt ( AMPS/asec } 


8. RECOVERED CHARGE (125°C) 


TRANSIENT THERMAL IMPEDANCE °C/WATT 


oor Piitiyy of ft |} 
Ot .02 04 06 08 .! 2 4 
TIME - SECONDS 


Ll 
6 


8 


NOTES: 

1, Add .006°C/W to account for both case to dissipator 
interfaces when properly mounted; e.g., R@us = .029° 
C/W. See Mounting instructions. 

2. DC Thermal Impedance is based on average full cycle 
junction temperature. Instantaneous junction tempera- 
ture may be calculated using the following modi- 
fications: 

@ end of conducting portion of cycle 
— 120° sq. wave add .0025°C/W along entire curve 
— 180° sq. wave add .0018°C/W along entire curve 
— 180° sine wave add .0010°C/W along entire curve 
@ end of full cycle 
— any wave, subtract .001°C/W along entire curve 


9. TRANSIENT THERMAL RESISTANCE — 


JUNCTION-TO-CASE 


RECOVERY LOSSES (WATT-SEC. ) 


di/dt (A/y SEC) 


10. RECOVERY CURRENT Where 0 « is the recovery losses, 
SWITCHING LOSSES R@ a is the DC junction to ambient thermal impedatice, 


NOTES: 


If no bypass diode is used with this thyristor, the switching losses during 
recovery can be significant. The actual magnitude of these losses will 
vary widely depending on circuit conditions and snubber design. 

This curve represents typical recovery losses versus circuit di/dt. Since 

this curve is typical, it serves primarily to alert the equipment designer 
to the possible need for special design attention. The switching losses 
in a given circuit may be calculated with the following equation: 


SLR=f T(t) vA) dt 


Where SLR is the recovery switching losses; I (t) is the recovery current 
decay; Vit) is the recovery voltage; and t = 0 occurs at the peak of the 
recovery current. I (t) may be expressed as an exponential decay: 

I(t) =Ige — (t/T) 
Where Ip is the peak recovery current and 
T = 2.5usec. The junction temperature rise 


due to the recovery losses may be computed 
as follows: 


ATP =F *O4* RA +A4% 3.5 


and F is the operating frequency. 
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LOW AND MEDIUM [3512-13 | 
CURRENT STACKS 


Now, for the first time, from the originator of the Silicon Controlled Rectifier, packaged SCR building blocks, complete 
with SCR‘s, compatible rectifiers, heat sinks, interconnections, and all required hardware in one package. Requires only 
mounting bolts and electrical connections for power and triggering signal. Check the rest of these outstanding features: 


FLEXIBLE DESIGN ............. Two fin sizes (3” x 3", 5’ x 5") and 5 SCR types permit an optimum designed as- 
sembly for each application. Stacks can be mounted in either vertical or horizontal 
plane. An almost limitless number of circuit configurations possible. 


WIDE RANGE OF OPERATING 
AND STORAGE TEMPERATURE... Will operate from — 65°C to + 150°C Ambient. 


SHIELDED TRIGGERING SIGNAL. . Coaxial shielded leads from gate/cathode terminal board to the SCR’s minimize the 
possibility of erroneous firing caused by extraneous transients or pick up from the 
power leads. 


PROVEN CONSTRUCTION....... General Electric’s long years of experience in designing and supplying thousands of 
industrial rectifier stacks form the basis for this rugged construction. Painted fins 
yield high emissivity, providing optimum ratings without blowers or fans for forced 
air cooling. 


DEPENDABILITY................ Backed by a General Electric one year written warranty. 
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130 FOLLOWING CORRECTION FACTORS FOR OTHER AIR VELOCITIES 
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MAXIMUM TRANSIENT THERMAL RESISTANCE — °C/WATT 


3” FIN-C10, 11 


Note: * 


Charts 7, 8, 9, and 10 define the tempera- 
ture rise of the junction above the ambient 
for a single load pulse of duration t. The 
peak allowable dissipation in the con- 
trolled rectifier for time t, if starting from 
ambient temperature, equals the Maximum 


Junction Temperature of the SCR used 
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4 eae T g 
al L REE CONVECTION 3 
oO | ? 
‘9 + Ww 
j +L \t ( 
i 2 
S { NOTE: TRANSIENT THERMAL RESISTANCE a 
x 8 mW FROM JUNCTION TO AMBIENT 7 rot % 
n 
a 7 Ly rd 
rd 300 FPM 4 
26 tt } ut Lif z 
E f 
wi 5h oF TH 1000 FPM fa 
a a Lt I | 2000 FPM FA 
2 G 
w 4 
a3 i 44 Ly { a 
2 & 
& 2 mee 41) = 
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5” FIN-C10, 11 


minus the maximum ambient temperature, 


divided by the transient thermal resistance: 


— 1; max — Tamp. 
Preax 5 an as ean 


rr 
For optimum ratings and further informa- 
tion, see Publication 200.9 entitled “Power 


Semiconductor Ratings under Transient and 
Intermittent Loads.” 
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MECHANICAL SPECIFICATIONS 


OUTLINE AND WEIGHT (5 INCH FINS) OUTLINE AND WEIGHT (3 INCH FINS) 
€3512, C4012, C1012, C1112 SERIES C3513, C4013, C1013, C1113 SERIES 


328 
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589 foarte ! | | ~ a i 
DH i | af q 3000! 0!8 
q rt i 
Lo Pe | in 
3 At p- sso} | 
F J buf 
26s Ey ke mT ores 7 975-082 
Lay 000 H i 
Tr | $02 4.005 
segoot” | dace * sto L —sooe Se 
pone BSS s i = 
ooo | - wiles ee 3! | | 
rs ais fae eee. ae ane ee ig} _— soo0t2#— 
4k 600 . INCHES a 3 a 
~— yr hi02, 99 ' { + ~~ arenox, APPROX 
ta _ L aot O15 sa ; viNenes HOny 
“aa sytloo 1 
195 — 
397 
sat 
$51 
9 $02 
10 a33 
u Toa 
2 7.85 
Maximum number of fins/stack = 12 
Maximum Hi-Pot Voltage to Mounting Brackets. . . . . . . 2600 V.R.M.S. @ 25°C Amb., Sea Level 
Salt Spray 2 ww we we eee ee ee ee ) MIL-STD-202A, Method 1O1A, 96 hrs. 


MIL-STD-202A, Method 103A, 240 hrs. 


Humidity . oy WT A ae tat Se 
SCR STACK NOMENCLATURE 


SCR CELL MODEL PARALLEL 
NUMBER  oELLenike 
35, C10, C11 ; 

C12 
MINOR MECHANICAL 
MODIFICATIONS =— 


FIN SIZE; 
12— 5” sq. 
13—— 3” sq. 


MINOR: 


ELECTRICAL 
SCR PEAK REVERSE VOLTAGE RATINGS MODIFICATIONS 
U—~ 25V B— 200 Polarity of Output, ete 
F—50 H ~~ 250 pe et 
A—- 100 ‘ Cc — 300 
G— 150 D— 400 Beri ates 
M_— 600 SERIES CELLS/LEG 


CIRCUIT CONFIGURATION: (Many Additional Variations Are Available Upon Request.) 


+ 


H — Single Phase B* Single Phase Bridge. 
Halfwave (SCR’s Common Cathode) 
F — Three Phase Fullwave 
: (SCR's Common Cat! 
A — Back B— Single Phase Bridge i ree 
To (SCR Rect. 
Back Common Cathode) 


+ 


*Note: Circuit description is necessary when ordering stacks to this circuit configuratio 
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@ Controlled Rectifier 


C1012-13 
C1112-13 
C3512-13 


You may now quickly select and obtain the Low and Medium Current Combination 
SCR Stacks that fit your Controlled Rectifier applications. 


* Fast Selection - Rating Tables Cover More Than 300 Stack Models 


* Availability - Call Your Authorized G-E Semiconductor Distributor 
or Semiconductor Products District Sales Manager 


C10 MOUNTED ON A 3" FIN * 


Max Circuit Output Max Repetitive SCR/ Transient No. of 

Res. Load 25°C Amb AC Input Cell PRV Fins/ Model 

Circuit Volts DC Amps DC Volts "RMS" PRV-VBO (Non-recurrent) Stack Number 
Single Phase Halfwave 17.0 4. '72(180°) 17 25 35 C1013UH1AD1 
15.0 35 50 15 FH1AD1 
+ 30.5 10 100 150 AHIAD1 
46.5 105 150 225 GH1AD1 
62.0 140 200 300 BHIAD1 
17.0 175 250 350 HH1AD1 
3 93.5 210 300 400 CH1AD1 
125.0 280 400 500 DH1IAD1 
Back to Back 15. O(RMS) 10. 50(RMS) 17 25 35 2 C1013UALAD1 
33.0 35 50 15 FAIAD1 
68.0 10 100 150 AA1AD1 
103.0 105 150 225 GAI1AD1 
‘ae 138.0 140 200 300 BALAD1 
INPUT: 173.0 175 250 350 HALAD1 
208.0 210 300 400 CA1AD1 
278.0 280 400 500 DAIAD1 
Single Phase Bridge 12.0 9. 44(360°) 17 25 35 4 C1013UB1CD1 
(SCR's Common 28.5 35 50 15 FBICD1 
Cathode ) 60.0 10 100 150 ABICD1 
91.5 105 150 225 GBICD1 
123.0 140 200 300 BBICD1 
dre 154.5 175 250 350 HBICD1 
186.0 210 300 400 CBICDI1 
249.0 280 400 500 DBICD1 
Single Phase Bridge 12.0 9. 44(360°) 17 25 35 4 C1013UB1AD1 
(SCR-Rect Common 28.5 35 50 15 FBIAD1 
Cathode) 60.0 10 100 150 ABIADI 
91.5 105 150 225 GBLADI1 
123.0 140 200 300 BBIAD1 
154.5 175 250 350 HBI1AD1 
186.0 210 CB1AD1 
249.0 280 DBIAD1 
Single Phase Bridge 12.0 6. 40(360°) 17 25 35 5 C1013UB1FD1 
(Fullwave Rectified) 28.0 35 50 15 FBIFD1 
59.7 70 100 150 ABIFD1 
91.5 105 150 225 GBIFD1 
123.0 140 200 300 BBIFD1 
AC 154.0 175 250 350 HBIFDI 
INAUT 186.0 210 300 400 CBiFD1 
beam. 249.0 280 400 500 DBIFD1 
3 Phase Fullwave 20.0 11.85 17 25 35 6 C1013UF1AD1 
Bridge (SCR'sCommon 44.0 35 50 75 FFI1AD1 
Cathode) 91.5 10 100 150 AFI1AD1 
2 138.5 105 150 225 GFI1AD1 
186.0 140 200 300 BFI1AD1 
223.0 175 250 350 HF1AD1 
280.5 210 300 400 CF1iAD1 
375.0 280 40000 00 CC FLADI 500 DFI1AD1 
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C10 MOUNTED ON A 5" FIN * 


Max Circuft Output Max Repetitive SCR/ Transient No. of 

Res. Load 25°9C Amb AC Input Cell PRV Fins/ Model 

Circuit Volts DC AmpsDC Volts "RMS" PRV-VBO (Non-recurrent) Stack Number 
Single Phase Halfwave 7.0 4, '72(180°) 17 25 35 1 C1012UH1AD1 
15.0 35 50 75 FHIADI1 
+ 30.5 70 100 150 AH1AD1 
46.5 105 150 225 GH1AD1 
62.0 140 200 300 BH1AD1 
717.0 175 250 350 HH1AD1 
2 93.5 210 300 400 CH1AD1 
125.0 280 400 500 DHIAD1 
Back to Back 15. O(RMS) 10. 50(RMS) 17 25 35 2 C1012UA1AD1 
33.0 35 50 15 FALAD1 
68.0 70 100 150 AAIAD1 
103.0 105 150 225 GAILADI 
ak 138.0 140 200. 300 BA1AD1 
INPUT 173.0 175 250 350 HAI1AD1 
208.0 210 300 400 CAIADI 
278.0 280 400 500 DALAD1 
Single Phase Bridge 12.0 9. 44(360°) 17 25 35 4 C1012UB1CD1 
(SCR's Common 28.5 35 50 75 FBICD1 
Cathode) 60.0 70 100 150 ABICD1 
91.5 105 150 225 GBICD1 
123.0 140 200 300 BBICD1 
mS 154.5 175 250 350 HBICD1 
186.0 210 300 400 CB1CD1 
249.0 280 400 500 DBICD1 
Single Phase Bridge 12.0 9. 44(360°) 17 25 35 4 C1012UBLAD1 
(SCR-Rect Common 28.5 35 50 15 FB1AD1 
Cathode) 60.0 70 100 150 AB1AD1 
91.5 105 150 225 GB1AD1 
123.0 140 200 300 BBIAD1 
AC 154.5 175 250 350 HB1AD1 
Nee 186.0 210 300 400 CB1AD1 
249.0 280 400 500 DBIAD1 
Single Phase Bridge 12.0 6. 40(360°) 17 25 35 5 C1012UBIFD1 
(Fullwave Rectified) 28.0 35 50 75 FBIFD1 
59.7 70 100 150 ABIFD1 
91.5 105 150 225 GB1FD1 
123.0 140 200 300 BBIFDI1 
ab 154.0 175 250 350 HB1FD1 
INEUT 186.0 210 300 400 CBIFD1 
one 249.0 280 400 500 DBIFD1 
3 Phase Fullwave 20.0 11.85 17 25 35 6 C1012UF1AD1 
Bridge (SCR'sCommon 44.0 35 50 15 FFI1AD1 
Cathode) 91.5 70 100 150 AFIAD1 
° 138.5 105 150 225 GF1iAD1 
186.0 140 200 300 BF1AD1 
223.0 175 250 350 HF1AD1 
$ 280.5 210 300 400 CF1AD1 
aaaeure 375.0 280 400 500 DF1AD1 
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C1112-13 


Cll MOUNTED ON A 3" FIN * C3512-13 
Max Circuit Output Max Repetitive SCR/ Transient No. of 
Res. Load 25°C Amb AC Input Cell PRV Fins/ Model 
Circuit Volts DC Amps DC Volts "RMS" PRV-VBO (Non-recurrent) Stack Number 
Single Phase Halfwave 7.0 3. 98(180°) 17 25 35 1 C113UHIAD1 
15.0 35 50 15 FHIAD1 
30.5 70 100 150 AH1AD1 
m 46.5 105 150 225 GH1AD1 
62.0 140 200 300 BH1AD1 
77.0 175 250 350 HHIAD1 
93.5 210 300 400 CH1AD1 
125.0 280 400 500 DHIAD1 
156.5 350 500 600 EH1AD1 
190.0 425 600 720 MHIAD1 
Back to Back 15, O(RMS) 8. 83(RMS) 17 25 35 2 C1iN3UA1AD1 
33.0 35 50 75 FALADI 
68.0 710 100 150 AAIAD1 
103.0 105 150 225 GAI1AD1 
138.0 140 200 300 BAIAD1 
ab 173.0 175 250 350 HA1AD1 
ee 208.0 210 300 400 CALAD1 
278.0 280 400 500 DAIAD1 
348.0 350 500 600 EAIAD1 
422.0 425 600 720 MAIAD1 
Single Phase Bridge 12.0 7. 96(360°) 17 25 35 4 C1113U BICD1 
(SCR's Common 28.5 35 50 75 FBICD1 
Cathode) 60.0 70 100 150 ABICD1 
91.5 105 150 225 GBICD1 
123.0 140 200 300 BBICD1i 
154.5 175 250 350 HBICD1 
Rte 186.0 210 300 400 CBICD1 
249.0 280 400 500 DBICD1 
312.0 350 500 600 EBICD1 
376.0 425 600 720 MBICD1 
Single Phase Bridge 12.0 7. 96(360°) 17 25 35 4 C1N3UB1AD1 
(SCR-Rect Common 28.5 35 50 vi) FBIAD1 
Cathode) 60.0 vil) 100 150 ABIAD1 
91.5 105 150 225 GBIAD1 
123.0 140 200 300 BB1AD1 
154.5 175 250 350 HBIAD1 
INBUT 186.0 210 300 400 CBIAD1 
249.0 280 400 500 DBIADi1 
312.0 350 500 600 EBIAD1 
376.0 425 600 720 MBIAD1 
Single Phase Bridge 12.0 5. 20(360°) 17 25 35 5 C1113UBIFD1 
(Fullwave Rectified ) 28.5 35 50 75 FBIFD1 
60.0 10 100 150 ABIFD1 
91.5 105 150 225 GBIFD1 
123.0 140 200 300 BBIFD1 
154.5 175 250 350 HBIFDi1 
as 186.0 210 300 400 CBiFD1 
INPUT 249.0 280 400 500 DBIFD1 
7 = 312.0 350 500 600 EBIFD1 
376.0 425 600 720 MBIFD1 
3 Phase Fullwave 20.0 10. 65 17 25 35 6 C113UF1AD1 
Bridge (SCR'sCommon 44.0 35 50 15 FF1AD1 
Cathode } 91.5 710 100 150 AFIAD1 
138.5 105 150 225 GF1AD1 
= 186.0 140 200 300 BF1AD1 
223.0 175 250 350 HF1AD1 
280.5 210 300 400 CF1AD1 
375.0 280 400 500 DFIAD1 
8 469.5 350 500 600 EFI1AD1 
ie input 565.5 425 600 720 MFI1AD1 
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C1012-13 


C11 MOUNTED ON A 5" FIN * 


Max Circuit Output Max Repetitive SCR/ Transient No. of 
Res. Load 25°C Amb AC Input Cell PRV Fins/ Model 
Circuit Volts DC Amps DC Volts "RMS" PRV-VBO (Non-recurrent) Stack Number 
Single Phase Halfwave 7.0 4. 72(180°) 17 25 35 1 C11l12UH1AD1 
15.0 35 50 15 FHIAD1 
30.5 10 100 150 AH1AD1 
+ 46.5 105 150 225 GH1AD1 
62.0 140 200 300 BH1AD1 
77.0 175 250 350 HH1IAD1 
93.5 210 300 400 CHIAD1 
= 125.0 280 400 500 DH1AD1 
156.5 350 500 600 EH1AD1 
Se et a a Fo eS 
Back to Back 15. O(RMS) 10. 50(RMS) 17 25 35 2 C1N2UAIAD1 
33.0 35 50 75 FALADI 
68.0 70 100 150 AA1AD1 
103.0 105 150 235 GA1AD1 
138.0 140 200 300 BAIAD1 
Sin 173. 0 175 250 350 HA1AD1 
208.0 210 300 400 CA1AD1 
278.0 280 400 500 DAILAD1 
348.0 350 500 600 EAILAD1 
422.0 425 600 7120 MALAD1 
Single Phase Bridge 12.0 9. 44(360°) 17 25 35 4 C1lL2UBICD1 
(SCR's Common 28.5 35 50 75 FBICD1 
Cathode) 60.0 10 100 150 ABICD1 
91.5 105 150 225 GBICD1 
123.0 140 200 300 BBICD1 
154.5 175 250 350 HBICD1 
iNDUT 186.0 210 300 400 CBICD1 
249.0 280 400 500 DBICD1 
312.0 350 500 600 EBiCD1 
376.0 425 600 720 MBICD1 
Single Phase Bridge 12.0 9. 44(360°) 17 25 35 4 C1112UBIAD1 
(SCR-Rect Common 28.5 35 50 75 FBIAD1 
Cathode) 60.0 10 100 150 AB1AD1 
91.5 105 150 225 GBIAD1 
123.0 140 200 300 BB1AD1 
154.5 175 250 350 HB1AD1 
INPUT 186. 0 210 300 400 CBIAD1 
249.0 280 400 500 DB1AD1 
312.0 350 500 600 EBIAD1 
376. 0 425 600 720 MBIAD1 
Single Phase Bridge 12.0 6. 40(360°) 17 25 35 5 C11L2UBIFD1 
(Fullwave Rectified) 28.5 35 50 75 FBIFD1 
60.0 10 100 150 ABIFDI 
91.5 105 150 225 GBIFD1 
123.0 140 200 300 BBIFD1 
154.5 175 250 350 HBIFD1 
186.0 210 300 400 CBLIFD1 
a 249.0 280 400 500 DBIFD1 
312.0 350 500 600 EBIFD1 
376.0 425 600 720 MBIFD1 
3 Phase Fullwave 20.0 11.85 17 25 35 6 C1il2UF1AD1 
Bridge (SCR's Common 44.0 35 50 75 FFIAD1 
Cathode) 91.5 70 100 150 AFIAD1 
138.5 105 150 225 GFI1AD1 
g 186.0 140 200 300 BF1AD1 
223.0 175 250 350 HF1AD1 
- 280.5 210 300 400 CF1AD1 
375.0 280 400 500 DF1AD1 
é 469.5 350 500 600 EF1iAD1 
ary, 565. 5 425 600 720 MF1AD1 
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C1012-13 


C1112-13 
C35 MOUNTED ON A 3" FIN * C3512-13 
Max Circuit Output Max Repetitive SCR/ Transient No. of 
Res. Load 25°C Amb AC Input Cell PRV Fins/ Model 
Circuit Volts DC Amps DC Volts 'RMS'" PRV-VBO (Non-recurrent) Stack Number 
Single Phase Halfwave 17.0 6. 3(180°) 17 25 35 1 C3513UH1AD1 
15.0 35 50 15 FHIAD1 
30.5 10 100 150 AH1AD1 
‘ 46.5 105 150 225 GHIAD1 
62.0 140 200 300 BHIAD1 
17.0 175 250 350 HH1AD1 
93.5 210 300 400 CHIAD1 
z 125.0 280 400 500 DH1AD1 
156.5 350 500 600 EH1AD1 
190.0 425 600 720 MHI1AD1 
Back to Back 15. O(RMS) 13. 9(RMS) 17 25 35 2 C3513UALAD1 
33.0 35 50 75 FA1AD1 
68.0 10 100 150 AA1AD1 
103.0 105 150 225 GA1AD1 
138.0 140 200 300 BALAD1 
AC 173.0 175 250 350 HAL1AD1 
INPUT 208.0 210 300 400 CAIAD1 
278.0 280 400 500 DA1AD1 
348.0 350 500 600 EAIAD1 
422.0 425 600 720 MAI1AD1 
Single Phase Bridge 12.0 12. 6(360°) 17 25 35 4 C3513UB1CD1 
(SCR's Common 28.5 35 50 75 FBICD1 
Cathode) 60. 0 70 100 150 ABICD1 
91.5 105 150 225 GBICD1 
123.0 140 200 300 BBICD1 
154.5 175 250 350 HBICD1 
AC 186.0 210 300 400 CB1CD1 
ane 249.0 280 400 500 DBICD1 
312.0 350 500 600 EBICD1 
376.0 425 600 720 MBICD1 
Single Phase Bridge 12.0 12. 6(360°) 17 25 35 4 C3513UB1AD1 
(SCR-Rect Common 28.5 35 50 75 FBIAD1 
Cathode) 60.0 10 100 150 ABIAD1 
91.5 105 150 225 GB1AD1 
123.0 140 200 300 BB1AD1 
154.5 175 250 350 HB1AD1 
Ac 186.0 210 300 400 CB1AD1 
iit 249.0 280 400 500 DBIAD1 
312.0 350 500 600 EB1AD1 
376.0 425 600 720 MBIAD1 
Single Phase Bridge 12.0 7. 6(360°) 17 25 35 5 C3513UB1FD1 
(Fullwave Rectified) 28.5 35 50 15 FBIFD1 
60.0 10 100 150 ABIFDI 
91.5 105 150 225 GBIFD1 
123.0 140 200 300 BBIFD1 
154.5 175 250 350 HBIFD1 
‘as 186.0 210 300 400 CBiFD1 
INPUT 249.0 280 400 500 DBIFD1 
312.0 350 500 600 EBIFD1 
376.0 425 600 720 MBI1FD1 
3 Phase Fullwave 20.0 17.4 17 25 35 6 C3513UF1AD1 
Bridge (SCR'sCommon 44.0 35 50 15 FFIAD1 
Cathode) 91.5 10 100 150 AF1AD1 
138.5 105 150 225 GF1AD1 
7 186.0 140 200 300 BF1AD1 
223.0 175 250 350 HF1ADI 
280.5 210 300 400 CF1AD1 
+ 375.0 280 400 500 DF1AD1 
469.5 350 500 600 EF1ADI1 
ag INPUT? 565.5 425 600 720 MFI1AD1 
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C35 MOUNTED ON A 5" FIN * 


Max Circuit Output Max Repetitive SCR/ Transient No. of 
Res. Load 25°C Amb AC Input Cell PRV Fins/ Model 
Circuit Volts DC Amps DC Volts "RMS" PRV-VBO (Non-recurrent) Stack Number 
Single Phase Halfwave 17.0 10. 1(180°) 17 25 35 1 C3512UH1AD1 
15.0 35 50 15 FHIAD1 
30.5 70 100 150 AHIAD1 
46.5 105 150 225 GH1AD1 
° 62.0 140 200 300 BH1ADt 
77.0 175 250 350 HH1AD1 
93.5 210 300 400 CH1AD1 
125.0 280 400 500 DH1AD1 
: 156.5 350 500 600 EH1AD1 
190.0 425 600 7120 MHI1AD1 
Back to Back 15. O(RMS)22. 4(RMS) 17 25 35 2 C3512UA1AD1 
33.0 35 50 15 FALAD1 
68.0 10 100 150 AA1AD1 
103.0 105 150 225 GAIADI1 
138.0 140 200 300 BA1AD1 
ise 173.0 175 250 350 HAIJAD1 
INPUT 208.0 210 300 400 CALADI1 
278.0 280 400 500 DALAD1 
348.0 350 500 600 EA1AD1 
422.0 425 600 720 MA1AD1 
Single Phase Bridge 12.0 20. 2( 360°) 17 25 35 4 C3512UB1CD1 
(SCR's Common 28.5 35 50 15 FBICD1 
Cathode) 60.0 10 100 150 ABICD1 
91.5 105 150 225 GBICD1 
123.0 140 200 300 BBICD1 
154.5 175 250 350 HBICD1 
niSrr 186.0 210 300 400 CBICD1 
249.0 280 400 500 DBICD1 
312.0 350 500 600 EBICD1 
376.0 425 600 720 MBICD1 
Single Phase Bridge 12.0 20. 2(360°) 17 25 35 4 C3512UB1AD1 
(SCR-Rect Common =. 28.5 35 50 15 FB1AD1 
Cathode) 60.0 70 100 150 AB1AD1 
91.5 105 150 225 GBIAD1 
123.0 140 200 300 BBIAD1 
154.5 175 250 350 HB1AD1 
weur 186.0 210 300 400 CBIAD1 
249.0 280 400 500 DB1AD1 
312.0 350 500 600 EB1AD1 
376.0 425 600 120 MB1AD1 
Single Phase Bridge 12.0 12(360°) 17 25 35 5 C3512UB1FD1 
(Fullwave Rectified) 28.5 35 50 15 FBIFD1 
60.0 10 100 150 ABIFD1 
91.5 105 150 225 GBI1FD1 
123.0 140 200 300 BB1FD1 
154.5 175 250 350 HB1FD1 
186.0 210 300 400 CBIFD1 
INPUT 249.0 280 400 500 DB1FD1 
312.0 350 500 600 EBIFD1 
leash: 376. 0 425 600 720 MBIFD1 
3 Phase Fullwave 20.0 28.5 17 25 35 6 C3512UF1AD1 
Bridge (SCR'sCommon 44.0 35 50 75 FF1AD1 
Cathode ) 91.5 10 100 150 AFIAD1 
138.5 105 150 225 GF1AD1 
186.0 140 200 300 BF1AD1 
223.0 175 250 350 HF1AD1 
280.5 210 300 400 CF1AD1 
375.0 280 400 500 DF1AD1 
469.5 350 500 600 EF1AD1 
565.5 425 600 720 MFIADI1 
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Silicon 


Unijunction Transistor 


D5J37 


Please refer to specification 2N2646-47 for further information on this device. 


ABSOLUTE MAXIMUM RATINGS: (25°C) 


Power Dissipation (Note 1) 
RMS Emitter Current 

Peak Emitter Current (Note 2) 
Emitter Reverse Voltage 
Interbase Voltage 

Operating Temperature Range 
Storage Temperature Range 


ELECTRICAL CHARACTERISTICS: (25°C) 


PARAMETER 


Intrinsic Standoff Ratio (Vz, = 10V) (Note 4) 


Interbase Resistance (Vpy = 38V, Ize = 0) 


Emitter Saturation Voltage (Vzz = 10V, 1, =.50 ma) 
Modulated Interbase Current (Vu; = 10V, I; = 50 ma) 
Emitter Reverse Current (Vor = 30V, Ipi = 0) 


Peak Point Emitter Current (Vpr = 25V) 
Valley Point Current (Vu, = 20V, Rye = 100 ©) Iy 
Base-One Peak Pulse Voltage (Note 3) 


NOTES: 1. 


300 mw 
50 ma 
2 amperes 
30 volts 
35 volts 
—65°C to +125°C 
—65°C to +150°C 


ul] 

Rezo 
Vivsat) 
Tpecron) 
Io 


DIMENSIONS WITHIN 

VEDEC OUTLINE TO-16 
EXCEPT Ft 

LEAD CONFIGURATION 


WATE 1: Lead diameter 1s controlled in the 


3 LEADS 
O17 £90F 
(wore 1) 


Are —_— 
3. BS 
mscanea eons MO PX 
D5J37 
TYP. MAX. 
85 
12.0 Ko 
2 volts 
22 ma 
12 wa 
25 pa 
ma 
volts 


Derate 3.0 MW/°C increase in ambient temperature. The total power dissipation (available 


power to Emitter and Base-Two) must be limited by the external circuitry. 
2. Capacitor discharge — 10,fd or less, 30 volts or less. 
3 


. The Base-One Peak Pulse Voltage is measured in the circuit below. This specification on the 
D5J37 is used to ensure a minimum pulse amplitude for applications in SCR firing circuits and 


other types of pulse circuits. 


4. The intrinsic standoff ratio y, is essentially constant with interbase voltage. 7 is defined by 


the equation: 


Vp = 


Where Vp = 


Vas = 
Vp = 


n Ves + Vp 
Peak Point Emitter Voltage 
Interbase Voltage 


Junction Diode Drop (Approx. .5V) 


FIGURE I 
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Silicon 


Unijunction Transistor 


Please refer to specification 2N2646-47 for further information on this device. 


absolute maximum ratings: (25°C) 


Power Dissipation (Note 1) 300 mw 

RMS Emitter Current 50 mA 

Peak Emitter Current (Note 2) 2Amperes 
Emitter Reverse Voltage 30Volts 
interbase Voltage 35 Volts 
Operating Temperature Range —65°C to +125°C 
Storage Temperature Range —65°C to +150°C 


DIMENSIONS WITHIN =f — 290. 
JEODEC OUTLINE TO-I8 | aa 
EXCEPT FOR | a =e 
LEAD CONFIGURATION | 7 
| 
MOTE 1: Lead chameter is controlled 1 the 
ove between 050 and 250 from the seat | 
of lead a ! 


0 0 
Pwore a 


NOTE 3: Mexuured {ram max. diameter of 
the actual device 
SEATING 

PLANE 
3 LEADS 

4.002 
017 7.992 
(NOTE 0) 


5 048 
Leao2 = 028. 
ALL OIMENLIN INCHES AND ARE (NOTE 3) 
REFERENCE UNLESS TOLERANCED 


electrical characteristics: (25°C) 


Intrinsic Standoff Ratio (Vz, = 10V) (Note 4) ” 
Interbase Resistance (Vp, = 3V, Ip = 0) Raro 
Emitter Saturation Voltage (Vuy = 10V, I_ =.50 ma) Vinigat) 
Modulated Interbase Current (Vy; = 10V, I; = 50 ma) Tae (mon) 
Emitter Reverse Current (Vion = 30V, Ip; = 0) Tro 
Peak Point Emitter Current (Vp, = 25V) Ip 
Valley Point Current (Vgp = 20V, Rye = 100 Q) Iy 
Base-One Peak Pulse Voltage (Note 3) Von 


TYP. MAX. 
82 

9.1 kQ 

2 Volts 
12 mA 
1.0 pA 
2.0 pA 
mA 

Volts 


NOTES: 1. Derate 3.0 MW/°C increase in ambient temperature. The total power dissipation (available 
power to Emitter and Base-Two) must be limited by the external circuitry. 


2. Capacitor discharge — 10, F or less, 30 volts or less. 


3. The Base-One Peak Pulse Voltage is measured in the circuit below. This specification on the 
D5J43 is used to ensure a minimum pulse amplitude for applications in SCR firing circuits and 


other types of pulse circuits. 


4, The intrinsic standoff ratio », is essentially constant with interbase voltage. , is defined by 


the equation: 
Vp = n Ves + Vp 
Where Vp = Peak Point Emitter Voltage 
Ves = Interbase Voltage 
Vp = Junction Diode Drop (Approx. .5V) 
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FIGURE 1 


Unijunction Transistor 


Silicon 


Please refer to specification 2N2646-47 for further information on this device. 


absolute maximum ratings: (25°C) 


Power Dissipation (Note 1) 
RMS Emitter Current 

Peak Emitter Current (Note 2) 
Emitter Reverse Voltage 
Interbase Voltage 

Operating Temperature Range 
Storage Temperature Range 


300 mw 
50 mA 

2Amperes 
30Volts 
35Volts 
—65°C to +125°C 
—65°C to +150°C 


DIMENSIONS WITHIN as 
vEDEC: SDUTLINE | TO-18 ‘ 98 
Lean" COREVURATION ae 7 


MOTE 1: Lead diameter is controlled in the 


the actual device. 
SEATING 
PLANE 


100 
) 
3 LEADS 
+.002 
017 £99? 
82 (NOTE 1) 
LEAD 4, NS 


048 

028 

ALL OIMEN.ININCHES ANO are (NOTE 3) x 
REFERENCE UNLESS TOLERANCEO 48 


| 


electrical characteristics: (25°C) 


Intrinsic Standoff Ratio (Vaz = 10V) (Note 4) 
Interbase Resistance (Vpxn = 3V, Iz = 0) 


Emitter Saturation Voltage (Vzz = 10V, I; =.50 ma) 
Modulated Interbase Current (V};;; = 10V, 1; = 50 ma) 


Emitter Reverse Current (Vyo, = 30V, In = 0) 
Peak Point Emitter Current (Vz, = 25V) 
Valley Point Current (Ver = 20V, Rpo = 100 2) 


Base-One Peak Pulse Voltage (Note 3) 


of] 

Rgzo 
Vuisat) 
The (mon) 
Tzo 


TYP. MAX. 
82 
9.1 ko 
2 Volts 
12 mA 
12 pA 
5 pA 
mA 
Volts 


NOTES: 1. Derate 3.0 MW/°C increase in ambient temperature. The total power dissipation (available 
power to Emitter and Base-Two) must be limited by the external circuitry. 


2. Capacitor discharge — 10,F or less, 30 volts or less. 
3 


. The Base-One Peak Pulse Voltage is measured in the circuit below. This specification on the 
D5J44 is used to ensure a minimum pulse amplitude for applications in SCR firing circuits and 


other types of pulse circuits. 


4. The intrinsic standoff ratio », is essentially constant with interbase voltage. is defined by 


the equation: 


Where V, 


Vp 


It 


Vp = n Vip + Vp 
= Peak Point Emitter Voltage 
Varn = Interbase Voltage 
Junction Diode Drop (Approx. .5V) 
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FIGURE 1 


Silicon 
Unijunction Transistor | 05s 


Please refer to specification 2N2646-47 for further information on this device. 


absolute maximum ratings: (25°C) 


Power Dissipation (Note 1) 300 mW 

RMS Emitter Current 50 mA 

Peak Emitter Current (Note 2) 2Amperes sEDEC,OUTEME TO-8 ae 5 

Emitter Reverse Voltage 30 Volts eee | | 
Interbase Voltage 35 Volts pif pe earn 

Operating Temperature Range —65°C to +125°C =eurm 


NOTE 2: i 
Storage Temperature Range —65°C to +150°C Rey eer 


PLANE 


3 LEADS 
+002 


O17 ~oor 
(NOTE 1) 


an ow SEK — 
veboe Sag  / S 
eerintne eee ror eeD ST Ce 
electrical characteristics: (25°C) aes. AVE. ae 
Intrinsic Standoff Ratio (Vax = 10V) (Note 4) " 68 82 
Interbase Resistance (Vaz, = 3V, Iz = 0) Repo 4.7 9.1 ka 
Emitter Saturation Voltage (Vz, = 10V, I; =.50 ma) Vusat) 2 Volts 
Modulated Interbase Current (Vi, = 10V, I; = 50 ma) Tp2caop) 12 mA 
Emitter Reverse Current (Vpor = 30V, Ip, = 0) Izo 5 pA 
Peak Point Emitter Current (Vpn = 25V) Ip 2 pA 
Valley Point Current (Van = 20V, Ryo = 1002) Iy 8 mA 
Base-One Peak Pulse Voltage (Note 3) Von 6 Volts 


NOTES: 1. Derate 3.0 MW/°C increase in ambient temperature. The total power dissipation (available 

power to Emitter and Base-Two) must be limited by the external circuitry. 

2. Capacitor discharge — 10, F or less, 30 volts or less. 

3. The Base-One Peak Pulse Voltage is measured in the circuit below. This specification on the 
D5J45_ is used to ensure a minimum pulse amplitude for applications in SCR firing circuits and 
other types of pulse circuits. 

4, The intrinsic standoff ratio », is essentially constant with interbase voltage. is defined by 
the equation: 


Vp = F Vas + Vp 
Where Vp = Peak Point Emitter Voltage viGuRE 1 
Interbase Voltage 
Vp = Junction Diode Drop (Approx. .5V) 


< 
5 
il 
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Silicon 
Complementary 
Unijunction Transistor 


COMPLEMENTARY UNIJUNCTION 


The General Electric D5K1 Complementary Unijunction Transistor is a silicon 
planar, monolithic integrated circuit. It has unijunction characteristics with 
superior stability, a much tighter intrinsic-standoff ratio distribution and lower 
saturation voltage. 

FEATURES 


e Guaranteed stability of better than 6% from —15°C to +65°C and 
better than 1.0% from —55°C to +150°C 
¢ Low leakage current: less than 10nA 


e Ability to temperature compensate and calibrate at room temperature 82 8; 
e Up to 100 kHz operation “ag oI vel sal 
WHAT IS A COMPLEMENTARY UNNUNCTION TRANSISTOR? = 2 7 
2] 82 
The General Electric D5K is a silicon planar passivated semiconductor device 
with characteristics like those of a standard unijunction transistor except that cance pe hen 


the currents and voltages applied to it are of opposite polarity. 


We have chosen to use this polarity so that standard NPN planar passivated transistor processing techniques 
can be used. This results in a unijunction having superior stability and better uniformity than any unijunction 
previously available. The much tighter spread of intrinsic-standoff ratio now available is a significant advantage. 
For most applications, the polarity is not important. 

WHAT CAN THE D5K DO? 

The General Electric D5K can be used in most applications now using standard type unijunctions. Its unique 
stability and uniform properties make it ideal for stable oscillators, timers, and frequency dividers. 


The key advantage of the D5K over conventional UJT’s is its predictability over the specified temperature range. 
This allows an engineer to use design curves to select the correct Ryo compensating resistor instead of having to 
perform expensive temperature testing on individual devices. 


The D5K1 has been characterized especially for applications requiring the best possible stability over the extreme 
temperature range specified. For most applications, because of the tight Rago and 7 spread, the D5K1 can be 
compensated in a given circuit with one resistor value by selecting the proper Ruz from Figure 2. For even better 
stability, a designer only has to measure the Rypo of a device at room temperature, determine the proper 
Rupo/Rxre ratio from Figure 3, and insert the correct Rgo. Using this method, oscillators and timers can be built 
offering 0.5% stability over most temperature ranges used. 

Frequency dividers can be built with larger countdown ratios and drastically lower capacitor sizes due to the 
stability and low charge to trigger value (Q;). Another product advantage, low base 1 to emitter voltage drop at 
high current, allows generation of high outputpulses with low base to base voltages. 


For further application information, refer to Application Note 90.72. 


1400 T 


e 


1200 


sz 


Vag" 0 VOLTS, 


a 


SPECIFICATION POINT 


FIGURE 1 FIGURE 2 FIGURE 3 


OPTIMUM RATIO ~ Agga/ A 


| 
Ven" '3 vO 


OPTIMUM. Rigg -OHMS 
« 
8 


Vggri2.5 VOLTS 


_ 


; TEST CIRCUIT 
*cuuT ONLY SUBJECTED TO 


T¥gp*t0 VOLTS 


TEMPERATURE CHANGE 400 r < m . 
ALL RESISTORS | % OSCILLATION FREQUENCY ~ KHZ r 5 ; * 


OSCILLATION FREQUENCY - LH 


absolute maximum ratings: (25° C free air) ct oo 

Voltage DSK1 Pate | 
Interbase Voltage 30 Vv 

Current (Note 2) 
Average Emitter (Forward) 150 mA 
Peak Emitter (Forward) (Note 1) 2 A 
Peak Reverse Emitter 15 mA aN 

pages caeaaliinia 
Average Total (Note 2) 300 mW : 

Temperature EA | * ; 
Operating —55 to +150 °C ete os Oe one 
Storage —55to +200 °C Hse two iets) 


electrical characteristics: (25° C free air) 


Min. Typ. Max. 

Intrinsic Standoff Ratio (Note 3) n 0.58 0.60 0.62 
Peak Point Voltage 

(Vup = 5V) Vp 3.2 3.45 3.7 Volts 

(Ven = 10V) Vp 6.1 6.45 6.8 Volts 
Interbase Resistance 

(Inn = 0.1mA) Ruro 5.5 6.8 8.2 kohms 
Emitter Breakdown Voltage 

(Ten: = 10uA) Venio 8.0 9.5 Volts 
Peak Point Current 

(Vaz = 10V) Ip 5 pA 
Valley Point Current 

(Vin = 10V) I, 1 2 mA 
Emitter Reverse Current 

(Veni = 5V) Ipnio 0.1 10 nA 
Emitter Saturation Voltage 

(Izy = 50mA, Vi, = 10V) Ve(sat) 1.1 1.5 Volts 
Modulated Interbase Current 

(Ip = 50mA, Vin = 10V) Te(moay 4 10 mA 
Peak Pulse Voltage 

(Note 4) Vocr 3.5 4.5 Volts 
Dio Itage 

(Note 3) ae Vp 80 45 .60 Volts 
Minimum Charge to Trigger 

(Var — 10V) Q. 50 pC 
Turn-on Time (See Figure 7) ton 1 psec. 
Recovery Time (See Figure 7) tree 10sec. 
Relaxation Oscillator Frequency Shift from 

25°C Value (See Figure 1, 

C = 0.1pF, Rpe = 9500, Vg = 12.5V) 

— 15°C to + 65°C 0.2 0.6 % 
— 55°C to + 150°C 0.4 10 % 


Notes: 

1. For capacitor discharge, resistor current limiting is required for capacitors greater than 5 »F and 
recommended for all cases. (A minimum of 15 ohms is required for good temperature stability.) 

2. Derate power and currents linearly to zero at maximum operating temperature. 

3. The intrinsic-standoff ratio (y) is essentially constant with temperature and interbase voltage. 
It and the associated diode drop of peak point voltage are defined by the equations: 

Ver — Vpo Vp = Vr2 — 7 Vane Where: Vz: = 10V + .001V 

Picadas | GATE, | 2 Vane = 5V + .001V 

4. The Base-One Peak Pulse Voltage is measured in the circuit shown in Figure 4. This specification 
is used to insure a minimum pulse amplitude for applications in SCR firing circuits and other 
types of firing circuits. 
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Ve EMITTER VOLTAGE-VOLTS 


Iy ANO Ip-AMPERES 


FIGURE 4 


FIGURE 5 


Complementary Unijunction Tran- 
sistor symbol with nomenclature 
used for voltage and currents. 


pl r 
TER CHARACTERISTICS 
Tye +25°C 


4. 


Ey -EMITTER VOLTAGE-VOLTS 


EMITTER 
VOLTAGE 
Ve 


- —CUTOFF RESISTANCE #!¢ SATURATION———- 
REGION REGIO \ EGION 
Vp'VN PEAK POINT | 
H 
| EMITTER TO BASE- 
VagtlOV | ONE DIODE 
+12 Vous | CHARACTERIST! 
H 
Ve (SAT )-[-[1-- -- “Xo - 4,f---- === 
Ww ' 
} EMITTER 
| CURRENT 


FIGURE 6 


Static Emitter Characteristics curves 
showing important parameters and 
measurement points (exaggerated 
to show details). 


TYPICAL CHARACTERISTICS 


Ff a 

i 

Pea Bal 
a] 


be 
Hg RELAY 
AT 60 Hr 


114009 


om TRIGGER 


0.2 wr 


MIN TO. 
ALLOW 
TORNOFF 


FIGURE 7 


NORMALIZED INTERBASE RESISTANCE 


-40-20 0 20 40 60 80 100 i20 [40 


Ty- AMBIENT TEMPERATURE - °C 


NOTE: 


DIODE OR 


RESISTIVE 
EMITTER PROTECTION 
REQUIRED 


BEYOND 
THIS VOLTAGE 


S 10 


15 20 25 35 


INTERSTATE VOLTAGE - VOLTS 


30 


STATIC INTERBASE CHARACTERISTICS 


Vee ~INTERBASE VOLTAGE -VOLTS 


I 2 3 
| Bo” BASE TWO CURRENT -mA 
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Ta — AMBIENT TEMPERATURE °C 
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APPLICATIONS 


+V 


TYPICAL CIRCUITS 


Since the CUJT has opposite polarities from 
standard UJT’s, its oscillator circuit Figure 
(b)is“‘inverted.” Figure (a) shows a positive, 
high energy pulse, while Figure (b) shows a 
negative. Circuit in Figure (c) results in 
positive pulses for SCR triggering. 


(a) (b) (c) 
T CIRCUIT 
STANDARD COMPLEMENTARY cus 
CIRCUIT CIRCUIT FOR HIGH ENERGY 
TRIGGER PULSES 


OUTPUTS 


0.1 TO 90 SECOND TIMER 


Timer interval starts when power is applied 
to circuit, terminates when voltage is applied 
to load. 2N2646 is used in oscillator which ee 
pulses base 2 of D5K. This reduces effective 
Ip of D5K and allows much larger timing 
resistor and smaller timing capacitor to be 
used than would otherwise be possible. 


GE BLACK HAWK 
T5F3R5A224 


-22yF 


C=GE BLUE JAY AAIBAIOSC 


AOUTPUT (2.5KHz) SOUT PUT 


(250 Hz) 


DECADE FREQUENCY DIVIDER 


In next stage, product of R2 and C2 should PieE 


wake 


be 10 X that of preceding stage (+2%). R2 NEXT 
should be between 27kQ and 10 meg . Been 
C1 & C2—.0047 pF (+1%) 
R1—100k 2 (+1%) 
R2—-1M © (+1%) 
R3—R4—1k 0 (may need to be adjusted for 

variation of Ray of CUJT) 2.5K, —ahe +10 FREQUENCY DivinER 

+V = IO VOLTS 

50 kHz OSCILLATOR 
Higher frequency (stable) oscillators are now aoe cuvT 
possible. Here are typical components for a P Ole 
50 kHz circuit. This is possible because of the ae ao DSK 


more nearly ideal characteristics of the D5K 
(over conventional UJT’s). One application 
for higher frequency is TV horizontal oscil- Kn 1000 
lators. Note the low Ry. 
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Silicon 
Complementary 
Unijunction Transistor 


COMPLEMENTARY UNIJUNCTION 


The General Electric D5K2 Complementary Unijunction Transistor is a silicon 
planar, monolithic integrated circuit. It has unijunction characteristics with 
superior stability, a much tighter intrinsic-standoff ratio distribution and lower 
saturation voltage. 

FEATURES 


¢ Guaranteed stability of better than 1.0% from —15°C to +65°C and 
better than 2.0% from —55°C to +100°C 
e Low leakage current: less than 100 nA 


e Ability to temperature compensate and calibrate at room temperature be 8, 
* Up to 100 kHz operation _ : | ve ’ 
WHAT IS A COMPLEMENTARY UNIJUNCTION TRANSISTOR? he ig - 


8 B2 


The General Electric D5K is a silicon planar passivated semiconductor device 
with characteristics like those of a standard unijunction transistor except that Standard Complementary 
the currents and voltages applied to it are of ppposite polarity. i ee Unilunstion 


We have chosen to use this polarity so that standard NPN planar passivated transistor processing techniques 
can be used. This results in a unijunction having superior stability and better uniformity than any unijunction 
previously available. The much tighter spread of intrinsic-standoff ratio now available is a significant advantage. 
For most applications, the polarity is not important. 


WHAT CAN THE D5K DO? 


The General Electric D5K can be used in most applications now using standard type unijunctions. Its unique 
stability and uniform properties make it ideal for stable oscillators, timers, and frequency dividers. 


The key advantage of the D5K over conventional UJT’s is its predictability over the specified temperature range. 
This allows an engineer to use design curves to select the correct Rpz compensating resistor instead of having to 
perform expensive temperature testing on individual devices. 

For most applications now using conventional UJT’s, the entire D5K2 population can be compensated in a given 
circuit with one resistor value by selecting the proper Rp: compensating resistor from Figure 2. For even better 
stability, a designer only has to measure the Ry. of a device at room temperature, determine the proper Rgno/Rr2 
ratio from Figure 3, and insert the correct R,». Using this method, oscillators and timers can be built offering 
1.0% stability over most temperature ranges used. 


Frequency dividers can be built with larger countdown ratios and drastically lower capacitor sizes due to the 
stability and low charge to trigger value (Q,). Another product advantage, low base 1 to emitter voltage drop at 
high current, allows generation of high outputpulses with low base to base voltages. 


For further application information, refer to Application Note 90.72. 


SPECIFICATION POINT 
os as oo 


2 & \ 
g bd \ 
6 3 
= Vppsi2'5 ours 2 i 
3 800 z | Vppsi2.5 VOLTS 
s Zz on 7 
FIGURE 1 FIGURE 2 * FIGURE 3 H 
600}- 5 | ' 
® Vpe ‘10 VOLTS | 
: TEST CIRCUIT | | | 
*cuuT ONLY SUBJECTED TO 400 A ry a vo | 
TEMPERATURE CHANGE OSCILLATOR FREQUENCY —& HZ 6 3 Pr i r5 ‘6 
ALL RESISTORS 1% OSCILLATION FREQUENCY - KHz 


‘CEPT Fi 
LEAD CONFIGURATION 


absolute maximum ratings:(25° C free air) ve aan =! 


Voltage D5K2 


Interbase Voltage 20 Vv 
Current (Note 2) 
Average Emitter (Forward) 150 mA 
Peak Emitter (Forward) (Note 1) 2 A 
Peak Reverse Emitter 15 mA Aerenetan clea? 
Power teanl? 
Average Total (Note 2) 200 mW va) 
Temperature ai 
Operating —55to +100 °c curse, é 
Storage —55to +150 °C eee one 


electrical characteristics: (25° C free air) 


Min. Typ. Max. 

Intrinsic Standoff Ratio (Note 3) n 0.58 0.60 0.62 
Peak Point Voltage 

(Vpn = 5V) Vp 3.2 3.45 3.7 Volts 

(Vez = 10V) Vp 6.1 6.45 6.8 Volts 
Interbase Resistance 

(Jen _ 0.lmA) Repro 5 8 15 kohms 
Emitter Breakdown Voltage 

(esi = 10nA) Venio 8.0 9.5 Volts 
Peak Point Current 

(Vous = 10V) Ip 15 pA 
Valley Point Current 

(Viz = 10V) I, 1 2 mA 
Emitter Reverse Current 

(Ven: = 5V) Lipo 0.1 10 nA 
Emitter Saturation Voltage 

(I; = 50mA, Van = 10V) Ve (sat) ate 1.5 Volts 
Modulated Interbase Current 

(Ip = 50mA, Vor _ 10V) Tre (moa) 4 10 mA 
Peak Pulse Voltage 

(Note 4) Vor 3.5 4.5 Volts 
Diode Voltage Drop 

(Note 3) Vp 380 45 .60 Volts 
Minimum Charge to Trigger 
Turn-on Time (See Figure 7) Tox 1 psec. 
Recovery Time (See Figure 7) Ciec 10 psec. 
Relaxation Oscillator Frequency Shift from 

25°C Value (See Figure 1, 

C = 0.1,F, Rpe = 1kqQ, Vs = 12.5V) 

—15°C to + 65°C 0.3 10 % 
— 55°C to +100°C 0.5 2.0 % 

Notes: 
1. For capacitor discharge, resistor current limiting is required for capacitors greater than 5 »F and 


2. 
3. 


recommended for all cases. (A minimum of 15 ohms is required for good temperature stability. ) 
Derate power and currents linearly to zero at maximum operating temperature. 
The intrinsic-standoff ratio (,) is essentially constant with temperature and interbase voltage. 
It and the associated diode drop of peak point voltage are defined by the equations: 

Ver — Vpe Vp = Vre — n Vor2 Where: Vpn = 10V + .001V 
ee Vent — Vane Vere = 5V+.001V 


. The Base-One Peak Pulse Voltage is measured in the circuit shown in Figure 4. This specification 


is used to insure a minimum pulse amplitude for applications in SCR firing circuits and other 
types of firing circuits. 
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FIGURE 4 


“12 VOLTS 


FIGURE 5 


Complementary Unijunction Tran- 
sistor symbol with nomenclature 
used for voltage and currents. 
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FIGURE 6 


Static Emitter Characteristics curves 
showing important parameters and 
measurement points (exaggerated 
to show details). 
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Ta-AMBIENT TEMPERATURE -°C 


APPLICATIONS 


TYPICAL CIRCUITS 


Since the CUJT has opposite polarities from 
standard UJT’s, its oscillator circuit Figure 
(b)is“inverted.” Figure (a) shows a positive, 
high energy pulse, while Figure (b) shows a 
negative. Circuit in Figure (c) results in 
positive pulses for SCR triggering. 


(a) 


STANDARD 
CIRCUIT 


(b) (¢c) 


COMPLEMENTARY CusT CIRCUIT 
CIRCUIT FOR HIGH ENERGY 
TRIGGER PULSES 


0.1 TO 90 SECOND TIMER 


Timer interval starts when power is applied 
to circuit, terminates when voltage is applied 
to load. 2N2646 is used in oscillator which 
pulses base 2 of D5K. This reduces effective 
Ip of D5K and allows much larger timing 
resistor and smaller timing capacitor to be 
used than would otherwise be possible. 


OUTPUTS © 


33K 


GE BLACK HAWK 
T5FSR5A224 


22yNF 


C=GE BLUE JAY AAIBAIO5C 


DECADE FREQUENCY DIVIDER 


In next stage, product of R2 and C2 should 
be 10 X that of preceding stage (+2%). R2 
should be between 27k0Q and 10 meg 2. 


C1 & C2—.0047 pF (+1%) 

R1—100k 0 (+1%) 

R2—1M 2 (+1%) 

R3—R4—1k © (may need to be adjusted for 
variation of Rup of CUJT) 


,OUTPUT (2.5KHz) 6 OUTPUT 


(250 Hz) 


2.5 KHz —+e- +10 FREQUENCY DIviDER-| 
SCILLATOR 


50 kHz OSCILLATOR 


Higher frequency (stable) oscillators are now 
possible. Here are typical components for a 
50 kHz circuit. This is possible because of the 
more nearly ideal characteristics of the D5K 
(over conventional UJT’s). One application 
for higher frequency is TV horizontal oscil- 
lators. Note the low Rye. 
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+V = IO VOLTS 


CUJT 
BI 
c G-E 
270 D5K 
pfd. B2 
100 Rea 
Ko. 1002 


Silicon 
Programmable 


Unijunction Transistor 
(PUT) 


To 


D13T SERIES 
D13T3 
D13T4 


The General Electric D13T3 and D13T4 are 100 volt versions of the popu- 
lar 2N6027 and 2N6028 Programmable Unijunction Transistors (PUT). 
These devices offer the designer the additional advantage of using higher 
circuit voltages thus improving timing stability. 

For PUT application information please refer to Application Note 90.70. 


absolute maximum ratings: (25°C) 


Figure 4 


Voltage 
Gate-Cathode Forward Voltage +100 V y = 
Gate-Cathode Reverse Voltage —S5V JE 
Gate-Anode Reverse Voltage +100 V A Ra | |¥Fe, NOTE] 
Anode-Cathode Voltage £100 V : eal TPC 
Current iy INCHES MILLIMETERS 
DC Anode Currentt 150 mA —— ees AL 
Peak Anode, Recurrent Forward ta \) $b2 | 016 | a 406 | 488 
(100, sec pulse width, 1% duty cycle) 1A —* + rage Ri Ra ee 
(20sec pulse width, 1% duty cycle) 2A + , eRe «| 098 | 105 [241 | 2.67 
Peak Anode, Non-recurrent Forward * iia aS re "gn ee 
(10x sec) 5A a" Bite = T5860 Te To 2o3_| 232 7 
Gate Current +20mA NOTE |: LEAD DIAMETER 1S CONTROLLED IN THE 
. ZONE BETWEEN .070 ANO .250 FROM THE SEATING 
Capacitive Discharge Energyt+ 250 uJ BEANE Sever eN .250 AND END OF LEAD A MAX. 
Power 
Total Average Powert 300 mW 
Temperature 
Operating Ambientt aw 
Temperature Range —50°C to +100°C Teao 
+Derate currents and powers 1%/°C above 25°C 
THE = '2CV° capacitor discharge energy with no current limiting-non repetative Figure 2 
electrical characteristics: (25°C) (unless otherwise specified) 
D13T3 D13T4 
Peak Current Fig.No. Min. Max. Min. Max. 
(V, =10 Volts) Ip 1 
(Rg =1 Meg) 2 ASpA : 
(Rg =10k) 5 10, Figure 3 
Offset Voltage 9 +20 VOLTS 
(V, =10 Volts) V; l 
(R, =1 Meg) 2 1.6 2 .6 Volts 
(Rg =10k) 2 6 “2 .6 Volts 
Valley Current 
(V, =10 Volts) ly l 
(Rg = 1 Meg) 50 25uA 
(Re = 10k) 70 25 pA 
(Re = 2002 ) 1.5 1.0 mA 
Anode Gate-Anode Leakage Current 
(V, = 100 Volts, T = 25°C) Lexo 2 10 10nA 
(T = 75°C) 100 100 nA 
Gate to Cathode Leakage Current 
(V, = 100 Volts, Anode-cathode short) Toxs 3 100 100 nA 
Forward Voltage (I; = 50 mA) Ve 1.5 1.5 Volts 
| Pulse Output Voltage Vo 4 6 6 Volts 
| Pulse Voltage Rate of Rise t, 4 80 80 nsecs. 
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PEAK POINT CURRENT IN MICROAMPS @ Vs 


Ol 


en] 


PEAK CURRENT 
AS A FUNCTION OF 


GATE SOURCE IMPE DENCE 


FOR (3 T TYPE 


TRANSISTOR 


PROGRAMMABLE UNIJUNCTION 


Iy-VALLEY CURRENT MILLIAMPS 


Vg2lOV 


GATE SOURCE IMPEDENCE IN OHMS (IN THOUSANDS) 


Ip vs Gate Source Impedance 


[Vg *10 VOLTS 


t 
Rg=lOk 


~75 -50 ~25 ° 25 50 75 100 
AMBIENT TEMPERATURE-°C 
|p vs Temperature and R, 
3r + — - 


V7 -OFFSET VOLTAGE-VOLTS 
i 


aE 


-75 


25 50 
AMBIENT TEMPERATURE-°C 


76 


V; vs Temperature and R, 
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VALLEY CURRENT 


AS A FUNCTION OF 
GATE" ON STATE” CURRENT 


GATE TO CATHODE ASSUMED SHORT 
CIRCUIT FOR 
PROGRAMMABLE UNIJUNCTION 


—a 
os os 
Olt SPEC MIN DI3T4 


0.1 
Ig = Ves Rg iMiLLiames) 


l, vs Gate “on state” Current 


1000 


Vg=10 VOLTS 


100 


ly-VALLEY CURRENT- MICROAMPS 


Ls ed | 
175 -50 -25 (0) 25 50 75 100 
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l, vs Temperature and R«, 
30 | ——] 
v 
510k 16k 
f + 
oe Yo $27k 
202 


C=0.2 MICROFARA 


Vp-PULSE OUTPUT VOLTAGE-VOLTS 


C=1000 PICOFA 


10 20 30 40 
V-VOLTAGE-VOLTS 
Peak Output Voltage 


Silicon 
Transistor 


The General Electric D16G6 is an NPN silicon planar epitaxial passivated transistor 
designed specifically for high frequency applications. The unit is suitable for use as 
a UHF television tuner oscillator. 


absolute maximum ratings: (25°C) (unless otherwise specified) 


Voltages 
Collector to base Veso 30 Vv 
Emitter to base Veno 3 Vv 
Collector to emitter Vero 12 Vv 205 4 

Current 795 
Collector (steady state) * Io 25 mA ene eee ee = 

Dissipation serene Betwean 250 ond nd os O85 os 
Total Power (free air @ 25°C amb.) * Py 200 mW me 8 1 cas 
Total Power (free air @ 55°C amb.) * Pr 120 mW | “sho earine 

Temperature So es ee are ll | ee 
Storage temperature Tote —55 to +125 °C ea eeu 
Soldering temperature 260 °C 3 LEADS Ta Es 

10 sec. %s + %” from case a) @rx 
Operating junction temperature T; 100 °C fA Ps. 

* Derate 2.67 mW/°C for ambient above 25°C. z mee eae 

electrical characteristics: (25°C) (unless otherwise specified) 

Static Symbol Min Typ Max Units 
Collector cutoff current (Voy = 30 V, In = 0) Ico 0.5 pA 
Emitter cutoff current (Vez = 3 V, Ic = 0) Tezo 0.5 pA 
Forward current transfer ratio (I, = 5 mA, Vox = 10V) hres 20 
Collector-base breakdown voltage (I, = 0, Ip = 100 pA) BVcso 30 Vv 
Emitter-base breakdown voltage (I, = 0, I; = 100 pA) BVzgzo 3 Vv 
Collector-emitter breakdown voltage (I; = 0, 1p =3 mA) BVcro 12 35 Vv 

Dynamic 
Gain bandwidth product (Vo, = 10V, Ip = 5 mA) fr 500 
Collector base time constant (Vo, = 10V, Ip = 5 mA) r'pCe 20 ee 
Output capacitance (Vox = 10V, In = 0, f = 1 MHz) Coo 1.2 1.5 pF 
Oscillator output (Voc = 38V, Io ~5mA,f~940MHz) V, 2.5 mV 


(See Figure 1) 


38 Vv DC 


940 MHz Oscillator Test Circuit 
Figure 1 
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Silicon 
Transistor 


The General Electric DI6P1 is a planar epitaxial passivated NPN silicon 
Darlington monolithic amplifier. It is ideal for preamplifier input impedances 


of several megohms. 


absolute maximum ratings: (25°C) (unless otherwise specified) 


Voltages 
Collector to base 
Collector to emitter 
Collector to emitter 
Emitter to base 


Current 
Collector (Pulsed) * 
Collector (steady state) 
Base (steady state) 


Dissipation 
Total power 
(free air @ 25°C) ** 


Temperature 
Storage 
Operating 
Lead 4,” + 4%,” from case 


for 10 seconds maximum 


Py 


Ts 
Ty 


Ti 


400 


—65 to +150 
—65 to +125 


260 


*Pulse Conditions: 300 psec. pulse width, 2% duty cycle 
**Derate 4.0 mW/°C for increase in ambient temperature between 25 and 125°C 


electrical characteristics: (25°C) (unless otherwise specified) 


STATIC CHARACTERISTICS 


Collector cutoff current 


(Vex = 18V, Ip = 0) 


(Veg = 18V, Ig = 0, Ta = 100°C) 


Emitter cutoff current 


(Vix = 12V) 


Teno 
Toyo 


Inno 
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DIMENSIONS WITHIN 
JEDEC OUTLINE TO-98 


NOTE 1: Lead diameter is controlled in the 

zone between .070 and .250 from the seat- 

ing plane. Between .250 and end of lead a 
Id. 


max. of .021 is he 


ALL DIMEN. IN INCHES AND ARE 
REFERENCE UNLESS TOLERANCED 


3 LEADS 
+,002 
17 *O0F 


(NOTE 1) 


0 i MIN PLAN 
| - fe ,050¢ .005 
+ pon bet a 


c 
8 
EQUIVALENT E 


CIRCUIT 


Typ. Max. 


100 
20 


100 


nA 


nA 


electrical characteristics: 25°C (unless otherwise specified) (cont'd) 


Min. Typ. Max. 

Collector emitter breakdown voltage 

(I. = 10mA, I, = 0) V (x) exo 12 Vv 
Forward current transfer ratio 

Ue 2 mA, Vow = 5V) her 2,000 

(Je = 100 mA, Ver = 5V) Dept 6,000 
Collector emitter saturation voltage 

(lc = 200 mA, I, = 0.2 mA) Visca ein t 1.4 Vv 
Base emitter saturation voltage 

(I; = 200 mA, I, = 0.2 mA) Virsisary t 16 WV 
Base emitter drive voltage 

(Ie = 200 mA, Ver.= 5V) Vist 1.5 Vv 
DYNAMIC CHARACTERISTICS 
Forward current transfer ratio 

(Iq = 2mA, Voy = 5V, f — 1 kHz) hy. 2,000 


Forward current transfer ratio 


(Ic = 2mA, Vey = 5V,f = 20 MHz) thi| 
Output capacitance 

(Von = 10V, f = 1 MHz) Cu 10 pF 
Input capacitance 

(Vip = 0.5V, f => 1 MHz) Cor pF 


+Pulsed Measurement: Pulse width = 300 psec., Duty cycle = 2% 


CCT ete 
na 
|_| 


| 
w 
ra 
S = 
ar for) 


20 cae aa Ea] 1-4 
60K tH 
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40K t =) Nt 
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w 20K t+ 
= a VoE= 5.0 VOLTS 
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aK TT — m EE 
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Silicon 
Transistors 


The PNP D29E], 2 series and the NPN D33D21, 22 series are silicon, planar, passivated, epitaxial transis- 
tors intended for general purpose applications. These complementary pairs are especially suited for the 
output stage of push-pull audio amplifiers, the drive stage of power amplifiers, or for control and television 
circuitry. 

FEATURES: ¢ Low Collector Saturation Voltage ¢ Excellent Beta Linearity Over a Wide Current 
Range © Heatsinking Available on All Units 


NOTE: Observe proper polarity on biases for PNP’s and NPN’s. 
absolute maximum ratings: (25°C unless otherwise specified ) 


Voltages 
Collector to Emitter Vexo 25 Volts 
Emitter to Base Vuso 5 Volts 
Collector to Base Voso 35 Volts 
Collector to Emitter Vous 35 Volts 
Current 
Collector (Continuous) Io 750 mA 
Collector (Pulsed, 300 usec. 
pulse width, = 2% duty cycle) Tex 1000 mA 
Dissipation SEOEC OUTLINE TO-98 
Total Power (Free Air, Me Lt care ont 
A= 25°C) * Pr 500 mW rg ae Benen 250 eof ead 2 
Total Power with J1 Heatsink 
(Free Air, T, = 25°C) ** Py 700 mW fa. cle Ses Ano ane 
Total Power with J1 Heatsink Mow ey ee 
(Case Temp., Tc = 25°C) *** Pr 1000 mW Sinise 
Temperature sue 
Storage Tste —65 to +150 °C 
Operating Ts —65 to +150 °C 
Lead soldering (%46" + 40” 
from case for 10 sec. max.) Ti +260 °C 
*Derate 4.0 mW/°C increase in ambient temperature above 25°C. **Derate 5.6 mW/°C increase fe rene 38 TER 


WITH U1 HEATSIN 


in ambient temperature above 25°C. ***Derate 8.0 mW/°C increase in case temperature above 25°C, 


electrical characteristics: (25°C unless otherwise specified ) 
NOTE: Characteristics apply to both heatsinked and non-heatsinked devices. 


STATIC CHARACTERISTICS Min. Max 
Collector Cutoff Current (y,, = 25V) Tous aes 100 nA 
(Von = 25V, Ts = 100°C) Tcxs nee 15 nA 
Forward Current Transfer Ratio 
(Ic =2 mA, Veer = 2V) 
D29E1/D33D21 hen 60 200 
D29E2/D33D22 hra 150 500 
(Ic = 500 mA, Vez = 2V) 
D29E1/D33D21 ** hep 45 — 
D29E2/D33D22 ** hyp 60 
Collector Emitter Breakdown Voltage 
(Ic = 10 mA) ** Vosmczo 25 — Volts 
(Ic = 10 vA) Vosroxs 85 — Volts 
Emitter Base Breakdown Voltage 
(In = 10 vA) Vuspzso 5 — Volts 
Collector Saturation Voltage 
(Ic = 500 mA, Is = 50 mA) ** Verwan —_ 0.75 Volts 
Base Saturation Voltage 
(Io = 500 mA, Ts = 50 mA) #* Vawcwar ree! 1.2 Volts 
DYNAMIC CHARACTERISTICS 
Output Capacitance, Common Base 
(Ves = 10V, f = 1M Hz) Cen — 15 pF 
Input Capacitance, Common Base 
(Ves = 0.5V, f = 1MHz) Cen — 55 pF 
Gain Bandwidth Product 
(Ic = 50 mA, Vez = 2V, f = 20 MHz) 
D29E1/D33D21 t 100 — MHz 
D29E2/D33D22 fe 135 _ MHz 


**Pulse Conditions: Pulse width < 300us Duty cycle < 2% 1074 
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Silicon 
nsistor D29E47 03302427 
Tra SI 0 S D29E4)1-7J1 | D33D24)1-27)1 


The PNP D29E4-7 series and the NPN D33D24-27 series are silicon, planar, passivated, epitaxial trans- 
istor intended for general purpose applications. These complementary pairs are especially suited for the 
drive stage in high power amplifiers, and for control and television circuitry. 

FEATURES: * Low Collector Saturation Voltage ¢ Excellent Beta Linearity Over A Wide Current 
Range ¢ Heatsinking Available On All Units 


NOTE: Observe proper polarity on biases for PNP’s and NPN’s 
absol ute maximum rati ngs: (25°C) (unless otherwise specified) 


Voltage 
Collector to Emitter Vero 40 Volts 
Emitter to Base Vso 5 Volts 
Collector to Base Veso 50 Volts 
Collector to Emitter Vexs 50 Volts 
Current 
Collector (Continuous) Ic 750 mA 
Collector (Pulsed, 300 usec. 
pulse width, = 2% duty cycle) Icy 1000 mA pacstaie eittan 
Dissipation JEOEC OUTLINE TO-98 
Total Power (Free Air, te betwen 0 ond 150 tom Be sek 
Ts S 25°C) * Pr 500 mW aoe 
Total Power with J1 Heatsink 
(Free Air, T, S 25°C) ** Pr 700 mW FEROS Dates toa 
Total Power with J1 Heatsink 
(Case Temp., Tc S 25°C) *** = Pp 1000 mW Suenos 
Temperature oor 
Storage Tsre —65 to +150 °C 
Operating Ts ~65 to +150 °C 
Lead soldering (%,6” + 14” 
from case for 10 sec. max.) Ti +260 °C ate 
*Derate 4.0 mW/°C increase in ambient temperature above 25°C. **Derate 5.6 mW/°C increase ierthoace Uneee tituens 
in ambient temperature above 25°C. ‘***Derate 8.0 mW/°C increase in case temperature above 25°C. wiTw Jt MEATSuK 
electrical characteristics: (25°C) (untess otherwise specified) 
NOTE: Characteristics apply to both heatsinked and non-heatsinked devices. 
STATIC CHARACTERISTICS Min. Max. 
Collector Cutoff Current (Vcr = 25V) Ices — 100 nA 
(Vee = 25V, 
Ta = 100°C) Toes — 15 yA 
Forward Current Transfer Ratio 
(Ic = 2mA, Vez = 2V) 
D29E4/D33D24 hre 60 120 
D29E5/D83D25 hee 100 200 
D29E6/D33D26 hre 150 300 
D29E7/D33D27 hre 200 500 
(Ic = 500 mA, Vez = 2V) 
D29E4/D83D24 ** hag 20 —_ 
D29E5/D33D25 ** hop 25 _ 
D29E6/D33D26 ** hoo 25 — 
D29E7/D33D27 ** hep 25 —_ 
Collector Emitter Breakdown Voltage 
(Ic = 10 mA) ** V ippyczo 40 — Volts 
(Ic = 10 nA) Visroces 50 — Volts 
Emitter Base Breakdown Voltage 
(Ie = 10 nA) Vsryes0 5 = Volts 
Collector Saturation Voltage 
(Ic = 500 mA, Ip = 50 mA) =e Veewarn — 0.75 Volts 
Base Saturation Voltage 
(Ic = 500 mA, Is = 50 mA) ** Viegwar ed 1.2 Volts 
DYNAMIC CHARACTERISTICS 
Output Capacitance, Common Base 
(Vcs = 10V, f = 1MHz) Cur — 15 pF 
Input Capacitance, Common Base 
(Ves = 0.5V, f = 1MHz) Co — 550 pF 
Gain Bandwidth Product 
(Ic = 50 mA, Vex = 2V, f = 20 MHz) 
D29E4/D33D24 fr 80 — MHz 
D29E5/D38D25 f, 120 — MHz 
D29E6/D33D26 fr 135 —_— tit 
A Zz 


l D29E7/D33D27 fr 150 
**Pulse Conditions: Pulse width < 300us Duty cycle < 2% 1076 
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Silicon 
Transistors 


D29E9-10 D33D29-30 
D29E9J1-10)1 


D33D29)1-30)1 


Other D33D Series on Pages 1074 -107€ 


The PNP D29E9-10 series and the NPN D33D29-30 series are silicon, 
planar, passivated, epitaxial transistors intended for general purpose appli- 
cations. These complementary pairs are especially suited for the drive stage 


in high power amplifiers, and for control and television circuitry. 


FEATURES: 


over a Wide Current Range e Heatsinking Available on All Units 
NOTE: Observe proper polarity on biases for PNP’s and NPN’s. 


absol ute maximum rati Ngs: (25°C) (unless otherwise specified) 


Voltages 
Collector to Emitter 
Emmitter to Base 
Collector to Base 
Collector to Emitter 
Current 
Collector (Continuous) 
Collector (Pulsed, 300 usec., 
pulse width, = 2% duty cycle) 
Dissipation 
Total Power (Free Air, 
Ts = 25°C) * 
Total Power with J1 Heatsink 
(Free Air, T, = 25°C) ** 
Total Power with J1 Heatsink 
(Case Temp., Tc = 25°C) *** 
Temperature 
Storage 
pesreting 
Lead soldering (4_” + 49” 
from case for 10 sec. max.) 


*Derate 4.0 mW/°C increase in ambient temperature above 25°C. 
in ambient temperature above 25°C. 


STATIC CHARACTERISTICS 


Collector Cutoff Current (V4 = 25V) 
(Von = 25V, Ta = 100°C) 
Forward Current Transfer Ratio 
(Ico = 2 mA, Von = 2V) 
D29E9/D33D29 
D29E10/D33D30 
(Ic = 500 mA, Von = 2V) 
D29E9/D33D29 
D29E10/D33D30 
Collector Emitter Breakdown Voltage 
(Ic = 10 wA) 
Emitter Base Breakdown Voltage 
(In = 10 pA) 
Collector Saturation Voltage 
(Ico = 500 mA, In = 50 mA) 
Base Saturation Voltage 
(Io = 500 mA, In = 50 mA) 


DYNAMIC CHARACTERISTICS 

Output Capacitance, Common Base 
(Ves = 10V, f = 1MHz) 

Input Capacitance, Common Base 
(Vus = 0.5V,f = 1MHz) 

Gain Bandwidth Product 


Voro 


EBO 
CBO 
CES 


Tsra 
T 


J 


Tr 


700 
1000 


—65 to +150 
—65 to +150 


+260 


@ Low Collector Saturation Voltage @ Excellent Beta Linearity 


Volts 
Volts 
Volts 
Volts 


DIMENSIONS WITHIN : 
YEDEC OUTLINE TO-98 fs 


mA 
mA 


°C 


hed 
‘one between .070 and 250 trom the seat 


ALL DIMEN. IN INCHES AND ARE 
REFERENCE UNLESS TOLERANCED 


S LEADS 
+ 00 
or + 02 


4 aa 
1050 2.008 
100 ¢,005 
‘S20 MAX, 


WITH J) HEATSINK 


**Derate 5.6 mW/°C increase 


***Derate 8.0 mW/°C increase in case temperature above 25°C. 


electrical characteristics: (25°C) (untess otherwise specified) 
NOTE: Characteristics apply to both heatsinked and non-heatsinked devices. 


(Io = 50 mA, Von = 2V,f = 20 MHz) 


D29E9/D33D29 
D29E10/D33D30 


**Pulse Conditions: Pulse width  300ps Duty cycle <2% 


Min. 
Icus — 
Tors — 
hrn 60 
hra 100 
** hop 20 
** V wmecxo 60 
V rors 70 
Visrnsa 5 
ae VoerwaD = 
alas Vara barnes! 
Con —_ 
Cer ra 
f, 80 
f: 120 


1080 


0.75 


15 


55 


nA 


Volts 
Volts 


Volts 
Volts 


Volts 


pF 


pF 


MHz 
MHz 
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Vpe - BASE EMITTER VOLTAGE - VOLTS 
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Silicon 
Transistors 


The General Electric 38H series are high current, high voltage NPN 
Silicon Planar Transistors ideally suited for switching and amplifier 
applications requiring both high voltage and good high current gain 
and saturation characteristics. These are compliments to the D39J series. 


absolute maximum ratings: (T, = 25°C unless otherwise specified) 


Voltages 
Collector to Emitter VcEo 
Collector to Base Vceso 
Emitter to Base VeEBo 
Current 
Collector Ic 
Collector (Peak Pulsed Ic 
10ps < 2% duty cycle) 
Dissipation 


Total Power Ta < 25°C Py 
Total Power Tc <25°C Py 
Derate Factor T, > 25°C 
Derate Factor Tc > 25°C 


Temperature 
Operating Ty 
Storage Tytg 


Lead (1/16" + 1/32” from = Ty 
case for 10 sec.) 


D38H D38H D38H 
12,3 45,6 7,8,9 


60 80 100 Volts 
60 80 100 Volts 


60 5 Volts 

= 500 — mA 

_ 1000 — mA i 
_ 500 = Watts i 
= 1.00 = Watts 

- 4.0 - mw/°c 

~ 8.0 — mwfc 


-65 to +150 ia Gi 
-65 to +150 °C 
+260 °C 


electrical characteristics: (T, = 25°C unless otherwise specified) 


Static Characteristics 
Collector-Emitter Breakdown Voltage 
(Ic = 1mA, Ig = 0) 


Collector-Base Breakdown Voltage 
(Ic a 10uA, Ip = 0) 


Emitter-Base Breakdown Voltage 
(Ip = 10 uA, Ic = 0) 
Collector Cutoff Current 
(Vcr =. SOV, VBE = 0) 
Collector Cutoff Current 
(Vcp = SOV, Ig = 0) 
Emitter-Base Reverse Current 
(Veg = 3V, Ic = 0) 
Forward Current Transfer Ratio* 
(Vce = 1V,I¢ = 10mA) 


SYMBOL 
D38H1,2,3 V(BR)CEO 
D38H4,5,6 V(BR)CEO 
D38H7,8,9 V(BR)CEO 
D38H1,2,3 V(BR)CBO 
D38H4,5,6 V(BR)CBO 
D38H7,8,9 V(BR)CBO 

V(BR)EBO 
Topo 
Icgo 
lgBo 
D38H1,4,7 hre 
D38H2,5,8 hre 
D38H3,6,9 hre 
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TO-92 3. COLLECTOR 
MILLIMETERS [INCHES 
SYMBOL ar, | MAX, MIN Max [NOTES 
4.320/5.330!170/.210 
b | 407] 55 0/016|022T 13 
407/| 482[oié6joisl 3 
4450[5200/.175[205 
3.180/41 90/125] 165 
2.41 0/2.67 0/095] 105 
1.1501 1.395/045/.055 
1[3.430/4 3201 35/1701 | 
2700] — |[500!"— [7,3 
—_] 1270] - [050] 3 
Jessol = [250 3 
2 


5 
esz0f — fis, — | 
2.030) 2.670, 080/105 


NOTES: 

1, THREE LEADS 

2.CONTOUR 7s PACKAGE UNCONTROLLED OUTSIDS 
THIS SiD 

3.(THREE LEADS) db2 APPLIES BETWEEN L; AND Lo. 
¢b APPLIES BETWEEN Lo AND 12.70 MM (.50¢ 
FROM THE SEATING PLANE. DIAMETER 1S UN 
CONTROLLED INL, AND BEYOND !2.70MM(.5 
FROM SEATING PLANE. 


MIN MAX UNITS 
60 _ Volts 
80 _ Volts 
100 _ Volts 
60 _ Volts 
80 ~ Volts 

100 Volts 

5 _ Volts 
— - nA 
— 25 nA 
_ 25 nA 
60 150 
100 300 
200 500 


Static Characteristics (continued) SYMBOL MIN. MAX. UNITS 
Forward Current Transfer Ratio* (continued) 
(Vor = 1V, Ic = 100 mA) D38Hi,4,7 hrr 55 — 
D38H2,5,8 hpr 90 — 
D38H3,6,9 hr 150 = 
(Vcr = 5V, Ic = 500 mA) D38H1,4,7 her 30 a 
D38H2,5,8 hpg 45 — 
D38H3,6,9 hpr 75 - 
Collector-Emitter Saturation Voltage* 
(Ic = 10mA, Ig = 1 mA) VcE(sat) _ .050 Volts 
(Ic = 100 mA, Ig = 10 mA) Veck(sat) ~ 125 Volts 
(Ic = 500 mA, Ip = 50 mA) Vck(sat) ~ .250 Volts 
Base-Emitter Saturation Voltage* 
(Ic = 100 mA, Ip = 10mA) VBEGat) ~ 83 Volts 
(Ic = 500mA, Ig = 50 mA) VBE(sat) _ 95 Volts 


Dynamic Characteristics 
Collector-Base Capacitance 


(Vcp = 10V, Ig = 0, f = 1 MHz) Cob — 12 pF 
Emitter-Base Capacitance 

(Vep = .5V, Ic = 0, f = 1 MHz) Ceb ~ 100 pF 
Gain Bandwidth Product 

(Vcr = 10V, Ig = 30 mA, f = 50 MHz) fy 80 a MHz 


*Pulse width < 30Qusec., duty cycle < 2%. 


il 
ae 


(OmA VALUE 


- FORWARD CURRENT TRANSFER RATIO NORMALIZED TO 


FE 


' : v 
‘ce -COLLECTOR CURRENT -maA tc “COLLECTOR CURRENT -mA 


FORWARD CURRENT TRANSFER RATIO NORMALIZED COLLECTOR EMITTER SATURATION VOLTAGE 
TO 10mA VALUE VS COLLECTOR CURRENT VS COLLECTOR CURRENT 


la 
4J038H 


BASE EMITTER VOLTAGE (VcE = 1V) 
AND BASE EMITTER SATURATION 
VOLTAGE (I¢ = 10x 1B) 

VS COLLECTOR CURRENT 


a 


VOLTAGE-VOLTS 


Vae- BASE EMITTER VOLTAGE, Vge(say)- BASE EMITTER SATURATION 


to 
Ig-COLLECTOR CURRENT -mA 
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Silicon 
Transistors ih ae 
Complementary Darlington 


The General Electric D38L1-6 and D39C1-6 are Silicon Planar, Epi- 
taxial, NPN-PNP complimentary Darlington amplifiers. These devices 
are designed for medium current-amplifier and switching applications. 


absolute maximum ratings: (7, = 25°C unless otherwise specified) 


ee 


Voltages Parts 1-3 Parts 4-6 
Collector to Emitter VcEo 40 25 Volts SEATIGALANE 2 ea 
Collector to Base Vv 40 25 Volts Lhd 
Emitter to Base Ve 14 14 ~—- Volts Semon ma 
Current 4071 550/016 
Collector Ic 500 — mA eee 
Collector (Peak, Pulsed 10yus Ic 1000 - mA 
< 2% duty cycle) 
Dissipation 
Total Power Ta < 25°C Py 5 — Watts 
Total Power To < 25°C Py; 1.0 — Watts 
Derate Factor T, > 25°C 4.0 —- mw/°c 
Derate Factor Tc > 25°C 8.0 — mw/°c ears iehbs 
2.CONTOUR OF PACKAGE UNCONTROLLED OUTS 
Temperature HIS SI 
Operating T; 65 to +150 °C So CE fa er TWEEN 
Storage ; ‘ Tstg 65 to +150 OC CONTROLLED IN iy, AND. BEYOND Tz. 70M 
Lead (1/16° + 1/32” from TL +260 C FROM SEATING PLANE 


case for 10 sec.) 


SS SS SS A SS SS SE SS SS SY Ae SS SS NS SS GN GEL 


electrical characteristics: (T,, = 25°C unless otherwise specified) 


Static Characteristics SYMBOL MIN. MAX. UNITS 
Collector-Emitter Breakdown Voltage* 

(Ic =10 mA, Iz = 0) Parts 1-3, 46 V(BR)CEO 40, 25 _— Volts 
Emitter-Base Breakdown Voltage 

(dg mS 100 yA, Ic = 0) ViBR)EBO 14 = Volts 
Collector Cutoff Current 

(Voz = 40V, Ig = 0) Parts 1-3 IcgBo — 100 nA 

(Vog = 25V, Ip = 0) Parts 4-6 Icpo _ - 

(Vcg = 40V, Ig = 0, Ta = 100°C) Parts 1-3 Igo _ 20 pA 

(Vog = 25V, Ig = 0, Ta = 100°C) Parts 4-6 Ico — ~- 
Emitter-Base Reverse Current 

(Ven a 8V, Ie = 0) lego — 100 nA 
Forward Current Transfer Ratio* 

(Veg = 5V, Ic = 2mA) D38L1,4 D39C1,4 hee 2000 20000 

(Vcr = 5V, Ic = 2mA) D381L2,5 D39C2,5 hrg 7000 70000 

(Vcg = 5V, Ic = 2mA) D38L3,6 D39C3,6 hye 50000 — 

(Vor = SV, Ic = 500 mA) D38L1,4 hrg 4000 oe 

(Vce = 5V, Ic = 500 mA) D38L2,5 hee 12500 _ 

(Vcr = 5V, Ic = 500mA) D38L3,6 hre 87000 _ 

(Vcr = 5V, Ic = 500 mA) D39C1,4 hrge 1600 - 

(Vcr = SV, Ic = 500 mA) D39C2,5 hre 5600 _ 

(Vcr = 5V, Ic = 500 mA) D39C3,6 hrr 40000 _ 
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D38L1-6, D39C1-6 


Static Characteristics (continued) SYMBOL MIN. MAX. UNITS 
Collector-Emitter Saturation Voltage* 
(Ic = 500 mA, Ip = .5 mA) D38L1-6 VcE(sat) _ 1.5 Volts 
(Ic = 500 mA, Ip = 5 mA) D39C1-6 VecE(sat) _ 1.75 Volts 


Base-Emitter Saturation Voltage* 
(ic = 500 mA, Ip = .5 mA) D38L1-6 VBE(sat) - 1.75 Volts 
(Ic = 500 mA, Ip = .5 mA) D39C1-6 VBE(sat) — 1.9 Volts 


Dynamic Characteristics 
Collector-Base Capacitance 


(Vcr =. 10V, Iz = 0, f= 1 MHz) Cop ae 8 pF 
Emitter-Base Capacitance 

(Veg = -5V, Ic = 0, f = 1 MHz) Ceb _ 15 pF 
Gain Bandwidth Product 

(Vcr = 10V, Io 30 mA, f = 20 MHz) fr 80 co MHz 


*Pulsed Conditions: Pulse width < 300ys, Duty Cycle < 2%. 


hee —FORWARD CURRENT TRANSFER RATIO 


lo 
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FORWARD CURRENT TRANSFER RATIO 
VS COLLECTOR CURRENT 


ia 1000 XT, 
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too 
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COLLECTOR EMITTER SATURATION VOLTAGE 
VS COLLECTOR CURRENT 
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D38L1-6, D39C1-6 


Veg ~ BASE EMITTER — Vee (SAT) -BASE EMITTER SATURATION VOLTAGE -V 


- 
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£. 
fe} 


| 


soo 


) 
jooc VBE (SAT 
— TTT!!! | 


Lie 
CEE 


ile) 
I, -COLLECTOR CURRENT ~mA 


BASE EMITTER VOLTAGE (VcgE = 5V) AND BASE EMITTER 
SATURATION VOLTAGE (IC = 1000 x IB) VS COLLECTOR CURRENT 


~ FORWARD CURRENT TRANSFER RATIO NORMALIZED TO 
2mA VALUE 


bre 


b 9 @0 


iJ 


> 7 oO 


rT NN Pa 
Hii 


FORWARD CURRENT TRANSFER RATIO 


mane 
iia 
1.0 
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1000 


D38L1-6, D39C1-6 


‘cE (SAT) -COLLECTOR EMITTER SATURATION VOLTAGE -VOLTS 


I¢ ~COLLECTOR CURRENT-mA 


COLLECTOR EMITTER SATURATION VOLTAGE 
VS COLLECTOR CURRENT Ic = tp X 1000 
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J 
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Silicon 
Transistors 


The General Electric D38S1-10 series are NPN silicon, planar, epitaxial, transistors. They feature super 

high gain and low collector saturation voltage as well as a low noise figure. They are ideal for low > 
level low noise amplifier and battery operated applications and output stages of operational 

amplifiers. 


| | | 
. é ] L co 
absolute maximum ratings: (T, = 25°C unless otherwise specified) : —S ‘ae 
Ly be 
I Q Lo 
A L —+ 
SEATINGPLANE =|. EMITTER 
D38S D38S D38S 2. BASE 
1,2,3,4 5,6,7 8,9,10 TO-92 3. COLLECTOR 
Voltages SYMBOLL_MILLIMETERS [INCHES NOTES 
Collector to Emitter Vceo 30 45 60 Volts = | — gl MAX 
Collector to Base Veso 30 45 60 Volts Bb | 407| 550/016|022| 13] 
Emitter to Base Veso 7 7 7 Volts {#2 | 407] as2ioiélorsy 3 
$0 |4450[5200[1 75/205) | 
Current [ € [3180/41 90) 125/165 
Collector le 100 mA : 2.41 0[2670).095/105| | 
Collector (peak, pulsed Ig 200 mA = [-P“[sas0[aSzo[r ssl 76 
10uS S$ 2% duty cycle) Lli27oo| — {soo} —/ 13} 
Pere uy — [1270] — 1050 
Dissipation te [6350| — |250) —| 3 
Total Power Ta < 25°C Py 400 Watts po testo thsteat 4 
Derate Factor T, > 25°C 4.0 mW/°C ica 2.0301 2.6701 080|105 
Temperature 1, THREE LEADS 
Operating T; -65 to +125 oc 2.CONTOUR (OF PACKAGE UNCONTROLLED OUTSII 
ay z Tstg, -65 to +150 me Sane eel ae eet ES BETWEEN Ly ie Le 
Lead (1/16” £ 1/32” from Ty, +260 Cc L2 AND 12.70 MM (.5¢ 
case for 10 sec.) CONTROLLED IN LAND BEYOND 12.70 MM t 
FROM SEATING PLANE. 
electrical characteristics: (T, = 25°C unless otherwise specified) 
STATIC CHARACTERISTICS 
Symbol Min. Max. Units 
Collector-emitter breakdown voltage D388 1 ,2,3,4 Vipriceo 30 Volts 
(Ig = 1mA, Ig = 0) D38S5,6,7 45 
D38S88,9,10 60 
Collector-base breakdown voltage D3881,2,3,4 Vigrycso 30 Volts 
(Ig = 104A, Ig = 0) D38S5,6,7 45 
D38S88,9,10 60 
Emitter-base breakdown voltage ViBR)EBO 7 Volts 
(le = 10uA, I, = 0) 
Collector cutoff current Ices 25 nA 
(Vce = 25V, Vee = 0) 
Emitter-base reverse current Tees 25 nA 
(Ves = 3V, Ic = 0) 
Forward current transfer ratio D38S1,5,9 hee 400 800 
(Voce = 5V, Io = .1mA) D38S82,6,10 hee 600 1200 
D3883,7 hee 1000 2000 
D38S4 hee 1500 3000 
D38S8 hee 250 500 
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D38S1-10 
STATIC CHARACTERISTICS Cont'd 


Symbol Min. Max. Units 

Collector-emitter saturation voltage VcEIsAT) .100 Volts 
(Ig = 10mA, Ig = .5mA) ; 

Base-emitter saturation voltage VeeE(SAT) .78 Volts 


(Ic = 10mA, Ip = 1mA) 
DYNAMIC CHARACTERISTICS 


Collector-base capacitance Con 4 pf 
(Veep = SV, Ie oa 0, f= 1MHz) 


10,000 - x \ : 

— 038S! 8 

: D385 6 D38s2 

4 D38s9 ° 4 D386 1 

r VcE:5V T a t+ D38 ese TIT 
2 2 | 4 = Veg *5V ‘ 
5 1 125C w | i ' 25¢ 
x 3 ; | 
ie <= 25C é - a cage 
z 6 b 6 
= , i: 55C a 4 ot: 
5 ee 5 a 
z 2 Ht 2 + Lt ttt 
3 @ ryTTy 
¢ | 

: 100 1 & 7 t : + = 
. : Sees 
4 24 { 

2 + + rt 2 | + CAE oe —4 

(0 n MMi L veut 


001 ol J f (0 100 001 Ol A 
Ig -COLLECTOR CURRENT-mA \¢ “COLLECTOR CURRENT -mA 


FORWARD CURRENT TRANSFER RATIO (hfe) FORWARD CURRENT TRANSFER RATIO (hfe) 
VS COLLECTOR CURRENT (Ic) VS COLLECTOR CURRENT (ic) 
19,000. f ‘= 19,008 : 
6 D3aS3 . 03884 ieee 
jj aD fees 125 2 4 Yoe"5¥ : 
2 Ee 2 
25¢ « 258C 
A (008 ~55C 31000 
ad 6 = 6 
a 4 zB 4 
é T HT i; & 
oa | | | i ca el | 
= 100 = 100 ! + 
_— <== : = 
; = eres f pe 
S , | H aa im i 
= to Lott a at Ptiti} 10 4 
,00t Ol al i] 10 100 ,OO1 Ol al i) 10 100 
'e -COLLECTOR CURRENT-mA Ig ~COLLECTOR CURRENT -mA 
FORWARD CURRENT TRANSFER RATIO (hfe) FORWARD CURRENT TRANSFER RATIO (hee) 
VS COLLECTOR CURRENT (Ic) VS COLLECTOR CURRENT (Ic) 
10,000 = q : = = =e 7 
. D38SI + - 
2 T * D38S5 
I t++HtHHH D389 Prin 
| 2 + tH tT {it +H 
f 125¢ | i 


eat, ee 


z id | tT 
5 2 tit tt -58C | — 52 2 +4 + | $++ti} HT + 
4 109 | 5g 82100 25C 
2 6 § ot 
z 4 & 4 B10 125C B10 25¢ 
* | CO | 2 
w 2 + TH pe 2 B=10 -55C T 
? 10 | | _L. | LT ol | | | | 
001 Ot ’ t 10 100 .OO1 OF al lo 100 
Ig- COLLECTOR CURRENT -—mA I¢~ COLLECTOR CURRENT -mA 
FORWARD CURRENT TRANSFER RATIO (hee) COLLECTOR EMITTER SATURATION VOLTAGE 
VS COLLECTOR CURRENT (Ic) (VcE(SAT)) VS COLLECTOR CURRENT (Ic) 
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D38S1-10 


VOLTAGE - VOLTS 
VOLTAGE -VOLTS 


Vegigar)- COLLECTOR EMITTER SATURATION 
VcesaTy"COLLECTOR EMITTER SATURATION 


“ 1 ‘ al t 
(¢- COLLECTOR CURRENT -mA ig -COLLECTOR CURRENT -mA 


COLLECTOR EMITTER SATURATION VOLTAGE COLLECTOR EMITTER SATURATION VOLTAGE 
(VCE(SAT)) VS COLLECTOR CURRENT (ic) (VCE(SAT)) VS COLLECTOR CURRENT (ic) 


VOLTAGE -VOLTS 
VOLTAGE -VOLTS 


Yoe(gat) “COLLECTOR EMITTER SATURATION 
VoeisaT}- COLLECTOR EMITTER SATURATION 


8 
ri ¢ —— 
eT Pi enc 25c_4 
ae oom al cite reer 
I¢- COLLECTOR CURRENT -mA - I¢-COLLECTOR CURRENT mA 
COLLECTOR EMITTER SATURATION VOLTAGE COLLECTOR EMITTER SATURATION VOLTAGE 
(VCE(SAT)) VS COLLECTOR CURRENT (Ic) (VCE(SAT)) VS COLLECTOR CURRENT (Ic) 
TMT THIN rT mt 


D38sl,2 
D38S85,6 


oe D38S8,9 

12 | T TTITbses THT + . eeaese wy 
: TYPICAL |_| | Yee" 
fe fl KHz 

eae tre 


s 25 Vpgrsary 8:19 


}vours 
& 


» 


NF -NOISE FIGURE -48 


w 


> 


we 


i 


Veeisat) “CASE EMITTER SATURATION VOLTAGE 


Vge-BASE EMITTER VOLTAGE 


LAL 
01 ol Ri] Hi ro) 100 : v 0 
to“ COLLECTOR CURRENT -ma Rg-SOURCE RESISTANCE-KN 
BASE EMITTER VOLTAGE Vee AND NOISE FIGURE (NF) 
BASE EMITTER SATURATION VOLTAGE (VgeE(saT)) VS SOURCE RESISTANCE (Rg) 


VS COLLECTOR CURRENT Ic 
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NF -NOISE FIGURE -d8 


NF -NOISE FIGURE - 6B 


NF-NOISE FIGURE - dB 


+ 


D38S3,4 
D3as9 


10 


Rg -SOURCE RESISTANCE -KA 


NOISE FIGURE (NF) VS SOURCE RESISTANCE (Rg) 


100 1000 
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‘ 
f- FREQUENCY — KHz 


NOISE FIGURE (NF) VS FREQUENCY (f) 
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Silicon 
Transistors 
High Voltage 


The General Electric D38V1,2,3 are silicon NPN planar epitaxial transistors designed for 


high voltage switching and amplifier applications. 


absolute maximum ratings: (T,, = 25°C unless otherwise specified) 


Voltages D38V1 D38V2 D38V3 
Collector to Emitter Vceo 200 250 300 = Volts 
Collector to Base Veso 200 250 300 = Volts 
Emitter to Base VEBO 6 6 6 Volts 

Current 
Collector Ic 100 100 100 mA 

Dissipation 
Total Power Ta S$ 25°C Py 500 m Watts 
Total Power Te $ 25°C Py 1000 ™m Watts 
Derate Factor Ta $ 25°C 4 mwWw/°C 
Derate Factor Te < 25°C 8 mW/°C 

Temperature 
Operating T; -65 to +150 °C 
Storage Tet -65 to +150 °C 
Lead (1/16” + 1/32” from Th +260 °C 


case for 10 sec.) 


electrical characteristics: (T,, = 25°C unless otherwise specified) 


t 
SEATING PLANE I. a: 


2. BASE 
TO-92 3. COLLECTOR 


MILLIMETERS | INCHES Nores| 
HN MAX. 


hae oot REET 


Slo4s[oss| | 

CEPR s5lr7o | 

1 i 750 —" 
i270 


eS 


2.920 —arall S15] — | 
2.030] 2.670|.080 Host 4 
NOTES: 
1. THREE LEADS 
2. “CONTOUR Ca PACKAGE UNCONTROLLED OUTSI 
HIS SIO 
3.( THREE LEADS) ¢b2 APPLIES BETWEEN Ly AND F 


¢b APPLIES BETWEEN Lo AND 12.70 MM (.5 
FROM THE SEATING PLANE. DIAMETER jS 
CONTROLLED INL, AND BEYOND (2. 70MM ( 
FROM SEATING PLANE. 


STATIC CHARACTERISTICS SYMBOL D38V1 D38V2 ___D38V3_ ss NIITS 
MIN, MAX, MIN. MAX. MIN. MAX. 
Collector-emitter breakdown voltage V(BR)CEO 200 _ 250 - 300 - Volts 
Ue = 1 mA, Ip = 0) 
Collector-base breakdown voltage ViBR)CBO 200 7 250 = 300 ~ Voits 
(Ic = 100A, Ie = 0) 
Emitter-base breakdown voltage ViBR)EBO 6 - 6 - 6 - Volts 
(Ie = 100uA, Ie = 0) 
Collector cutoff current Icgo ~ 50 = 50 = 50 nA 
(VcoB 100V, Ie = 0) 
Collector cutoff current Icgo - 10 - 10 - 10 MA 
(Vep=lO0V, [e=0, T,=125°C) 
Emitter-base reverse current lego - 50 - 50 - 50 nA 
(Vep = 3V, Ic = 0) 
Forward Current transfer ratio 
(Vee = 10V, I¢ = 10mA) *hee 45 - 35 - 25 ~ 
(Vce = 10V, Ie = 20mA) *hre 50 - 40 - 30 - 
(Vce = 10V, I¢ = S0mA) *hee 50 - 40 = 30 - 
Collector-emitter saturation voltage 
(Ic = 40mA, Ig = 4mA) *VCE(sat) - 1.0 - 1.0 - 1.0 Volts 
Base-emitter saturation voltage 
(Ig = 20mA, Ig = 2mA) *V BE (sat) 65 85 .65 .85 -65 85 Volts 
DYNAMIC CHARACTERISTICS 
Collector-base capacitance 
(Vcp=10V, Ie=0, f=1MHz) Cob - 5 - s - 5 pf 
Emitter-base capacitance 
(VeB=.SV, Ic=0, f= 1MHz) Ceb - 60 - 60 - 60 pf 
Gain bandwidth product 
(VceE=10V, Ic=20mA, f=20MHz) f, 50 - 50 - 50 - MHz 
Turn-on Time 
(Vec=150V, I¢=20mA, Ig1=lg2=2.75mA) ton - 5 - 5 - Py Msec, 
Turn-off Time 
Vec=150V,1¢=20mA, Ig1=lg2=2.75mA) torr - 5 - 5 _ 5 Usec. 


*Pulse Conditions: Pulse width = 300us, Duty Cycle = 2% 


hee-FORWARD CURRENT TRANSFER RATIO 


Vge -BASE EMITTER VOLTAGE - VOLTS 
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2° Se ++ +—+-t + ry 
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Feo + + t—+ 1430 § 
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& sot mn wna t { TH : 
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« roa 
b io HI 
+4 ze a 444d. &% 
gro i rt | rt +> na + 
° ro) nt oF wo ci 100 


t a] t 
Ig- COLLECTOR CURRENT-ma V- VOLTAGE - VOLTS 


BASE EMITTER VOLTAGE VS COLLECTOR BASE AND EMITTER BASE 
COLLECTOR CURRENT CAPACITANCE VS REVERSE VOLTAGE 


400 
of p3evE | 
Toe 25sec 
6 te 2OMMr 


Ig -EMITTER CURRENT 


2 4 6 8 10 2 
Noe “COLLECTOR EMITTER VOLTAGE - VOLTS 


CONTOURS OF CONSTANT GAIN BANDWIDTH PRODUCT 
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Silicon 
Transistors D38W7-14 


The General Electric D38W7-D38W14 are NPN, silicon, planar, epitaxial transistors 
designed for low noise, high gain amplifier applications. ) _= 


FEATURES 

®@ Low noise figure < 2db @ High forward current transfer ratio a 

@ High voltage rating, 80V @ Low saturation voltage —_ Tee 
so 

absolute maximum ratings: (T, = 25°C unless otherwise specified) RA 


ob2 
. A 
7 =a 
D38w D38w A ie 
Voltages 7-10 12-14 SEATING PLANE a _ 


TO-92 3 COLLECTOR 


Collector to Emitter VoEo 80 100 Volts - 


MILLIMETERS | INCHES 
Collector to Base Veso 100 120 Volts |SYM8CU win, | Max. [ MIN, eee 
Emitter to Base Veso 5 5 Volts om $328 2 E38 48 Zt 8 z 
be | 407] @82iolel. 
Current $0 [4450/5200/1 75]. 
E 13.180 4190[125/165 
Collector Io 100 mA 2.41 a 67 0[.095|. 
1 [ii 50] 1.395/.045]. 
Dissipation (27001 
Total Power Ta < 25°C Py .400 Watts [ vat aise | 
Derate Factor T, > 25°C 4.0 mW/°C 
Temperature NOTES: 
; oO 1, THREE LEADS 
Operating T; -65 to +125 ie 2. CONTOUR OF PACKAGE UNCONTROLLED OU1 
Storage : : T stg. “65 to +150 CC scTHneE LEADS) $b2 APPLIES BETWEEN Ly ANC 
Lead (1/16 + 1/32” from T. +260 oC ¢> APPLIES BETWEEN L2 AND 12.70 MM | 
for 10 FROM THE SEATING PLANE. DIAMETER IS 
case for 10 sec.) CONTROLLED IN L, AND BEYOND 12.70 MI 


FROM SEATING PLANE 


electrical.characteristics: (Ta = 25°C unless otherwise specified) 


STATIC CHARACTERISTICS Symbol Min. Max. Units 
Collector-emitter breakdown voltage D38W7, 8,9, 10 Vipriceo 80 — Volts 
(Ic = 1mA, Ig = 0) D38W12, 13, 14 100 _ Volts 
Collector-base breakdown voltage D38W7, 8, 9, 10 Vigr)ceo 100 - Volts 
(Ig = 10uA, Ig = 0) D38W12, 13, 14 120 - Volts 
Emitter-base breakdown voltage 
(Ue = 10nA, Ic = 0) Visr)EBO 5 ed Volts 
Collector Cutoff Current 
(Vce = 40V, Vee = 0) Ices _ 50 nA 
Collector Cutoff Current 
(Veg = 80V, Ie = 0) D38W7, 8, 9, 10 lego _ 100 nA 
(Vep = 100V, I; = 0) D38W12, 13, 14 Icsgo ie 100 nA 
Emitter-base reverse current 
(Ves = 3V, Ic = 0) leBpo ~ 50 nA 
Forward current transfer ratio D38W7, 12 hee 150 300 
(Veg = 5V, Ig =.1mA) D38W8, 13 hee 250 500 
D38W9, 14 hee 400 800 
D38W10 hee 600 1200 
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STATIC CHARACTERISTICS Cont'd. D38W7-14 


Symbol Min. Max. Units 
Forward current transfer ratio 
(Vee = 5V, Ic = 1mA) D338W7, 12 hee 150 
D38Ws, 13 hee 250 
D38Ww9, 14 hee 400 
D38W10 hee 600 
Collector-emitter saturation voltage 
(Ie = 10mA, I, = 1mA) VecE lsat) — 0.10 Volts 
Base-emitter saturation voltage 
(Ic = 10mA, Ig = ImA) VBE (sat) — 0.78 Volts 
DYNAMIC CHARACTERISTICS 
Collector-base capacitance Cop 4.0 pf 
(Veg = SV, I = 0, f = 1 MHz) 
Emitter-base capacitance Cab 18 pf 
(Veg = SV, Ic = 0, f = 1MHz) 
Gain Bandwidth product ft 75 200 MHz 
(Vce = SV, Ig = 1mA, f = 20 MHz) 
Forward current transfer ratio hee 11.5 20 
(Voge = SV, Ic = mA, f = 20 MHz) 
Noise figure 
(le = 100uA, Veg = SV, Rg = 10KQ, D38W8,9,10,13,14 NF 2 dB 
f = 10Hz to 10 KHz, B.W.=15.7 KHz) 
HYBRID PARAMETERS 
(Ic = 1mA, Vee = 5V, f = 1KHz) 
Input Resistance D38W8, 13 hie 6 35 Kohms 
D38w9, 14 hie 10 50 Kohms 
Voltage feedback ratio D38W8, 9, 13, 14 hre 1 10 X10-4 
Output Conductance D38W8, 9, 13, 14 hoe 5 30 u-mhos 
Forward Current Transfer Ratio D32W8, 13 hfe 250 1000 
D38Ww9, 14 hfe 400 1600 


TYPICAL D38W 
H 
1! VS COLLECTOR CURRENT 
Vee *5V 


NORMALIZED FORWARD CURRENT TRANSFER RATIO 


I¢- COLLECTOR CURRENT -mA 


FORWARD CURRENT TRANSFER RATIO NORMALIZED 
TO .ImA VALUE VS COLLECTOR CURRENT 
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D38W7-14 


} ~VOLTS 


Vag ~ GASE EMITTER VOLTAGE 


; Vee (SAT) BASE EMITTER SATURATION VOLTAGE 


|.21-——— TYPICAL BASE EMITTER O} +--+. 


CO 7 


VOLTAGE CHARACTERISTICS 


6 


= iS) w es wo a N @ © 


8 


.O1 Jd 
Ig- COLLECTOR CURRENT - mA 


BASE EMITTER VOLTAGE AND BASE EMITTER SATURATION 


b 700 


Voe(sat)7 COLLECTOR EMITTER SATURATION VOLTAGE - VOLTS 


VOLTAGE VS COLLECTOR CURRENT 


- 7 w- 


2 9 o> 


io. 
Vaaat 


meee 
ign 
1 ihe) 


COLLECTOR EMITTER SATURATION VOLTAGE 
VS COLLECTOR CURRENT 
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uw 


NF - NOISE FIGURE - dB 


19 
Rg- SOURCE RESISTANCE — K wb 


NOISE FIGURE VS SOURCE RESISTANCE 
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D38W7-14 


NF- NOISE FIGURE-68 


< SOOMA Re eIKe 

pre l 100, mA ARs: *10Ke ee 
= onal Ae OS a 
c* Ona ic 8100 Kr} 


f-FREQUENCY -Hz 


NOISE FIGURE VS FREQUENCY 


TYPICAL D38 
Voce 75 


225°C 


IKHz HYBRID PARAMETERS NORMALIZED TO !mA VALUE 


5 2 25 4 6 6 I lS 2 25 4 6 68 10 
Tg- COLLECTOR CURRENT— mA 


1KHz HYBRID PARAMETERS VS 
COLLECTOR CURRENT 
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IKHz HYBRID PARAMETERS NORMALIZED TO THE 5 VOLT VALUE 


“o 2 4 2 14 16 (8 20 22 24 26 2 
as eer ton EMITTER VOLTAGE - VOLTS 


1KHz HYBRID PARAMETERS VS 
COLLECTOR VOLTAGE 


Silicon 
Transistors 


The General Electric D39J series are high current, high voltage PNP 
Silicon Planar Transistors ideally suited for switching and amplifier 


applications requiring both high voltage and good high current gain = _¢D 
and saturation characteristics. These are compliments to the D38H — | 
series. ts opel é 
é : Q Le = 
absolute maximum ratings: (Ta = 25°C unless otherwise specified) A L 
SEATINGPLANE !. EMITTER 
2. BASE 
D393 D39J D39J TO-92 3. COLLECTOR 
Voltages 1,23 45,6 7,8,9 MILLIMETERS 
- SYMBOL] a ar 
Collector to Emitter VcEo 60 80 100 Volts [sr iN. Max. 
Collector to Base Vepo 60 80 100 Volts Ta I 
i = = be | 407] 482 
Emitter to Base VEBO 5 Volts D—ja450/5200 
curren gs 
Collector Ie — 500 — mA ey (11 501 1.395 
Collector (Peak, pulsed Ic — 1000 — mA ~ 1" 3428 4.329 
10 ys < 2% duty cycle) ty =| re7of 
t2 |6350) — 
Dissipation Q 2.920] = |, 
Total PowerTa <25°C Py — 500 — Watts (828030267 0. 
Total Power Te <25°C Pr — 1.00 — Watts 1. THREE LEADS 
Derate Factor T,> 25°C = 40 a, °c ene oF sas UNCONTROLLED OUTSIDE 
a _ 3.(THREE LEADS) b2 APPLIES BETWEEN Ly AND Lo. 
Derate Factor Te > 25°C 8.0 mW/'C $b APPLIES SET WEEN Lo AND 12.70'MM (.500" 
FROM THE SEATING PLANE. DIAMETER IS UN- 
Temperature " CONTROLLED INL, AND BEYOND 12.70 MM (.50C 
Operating Ty -65 to +150 C FROM SEATING PLANE. 
Storage Tee -65 to +150 °C 
Lead (1/16” + 1/32" from Ty, +260 “C 


case for 10 sec.) 


electrical characteristics: (T, = 25°C unless otherwise specified) 


Static Characteristics SYMBOL MIN. MAX. UNITS 
Collector-Emitter Breakdown Voltage 
(Ic = I mA, Ip = 0) D39J1,2,3 V(BR)CEO 60 = Volts 
D39J4,5,6 V(BR)CEO 80 _ Volts 
D39J7,8,9 V(BR)CEO 100 _ Volts 
Cotlector-Base Breakdown Voltage 
(Ic = 10yA, Ip = 0) D39J1,2,3 V(BR)CBO 60 — Volts 
D39J4,5,6 (BR)CBO 80 _ Volts 
D39J7,8,9 (BR)CBO 100 = Volts 
Emitter-Base Breakdown Voltage 
dg = 10yA, Ic = 0) V(BR)EBO 5 = Volts 
Collector Cutoff Current 
(Veg = 25V, Ip = 0) Icgo — 25 nA 
Emitter-Base Reverse Current 
(VER = 3V, Ie rs 0) IgERo — 25 nA 
Forward Current Transfer Ratio* 
(Ver = 1V, Ic = 10 mA) D39J1,4,7 hye 60 150 
D39J2,5,8 hrge 100 300 
D39J3,6,9 hyrr 200 500 


*Pulsed width < 300 usec., duty cycle < 2%. 
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Static Characteristics (continued) 
Forward Current Transfer Ratio* (continued) 
(Vcg = 1V, Ic = 100mA) D39J1,4,7 
D3952,5,8 
D39J3,6,9 
(Voge = SV, Ic = 500 mA) D391 ,4,7 
D39J2,5,8 
D39J3,6,9 
Collector-Emitter Saturation Voltage* 
(ic = 10mA,Ip = 1mA) 
(Ic = 100mA, Ip = 10mA) 
(Ic = 500 mA, Ip = 50 mA) 
Base-Emitter Saturation Voltage* 
(Ic = 100 mA, Ip = 10mA) 
(Ic = 500 mA, Ip = 50 mA) 


Dynamic Characteristics 
Collector-Base Capacitance 

(Vos = 10V, Ip = 0, f= 1 MHz) 
Emitter-Base Capacitance 

(Vep = .5V, Ic = 0, f = 1 MHz) 
Gain Bandwidth Product 

(Vor = 10V, Ip = 30mA, f = 50 MHz) 
*Pulse width S 300pusec., Duty Cycle S$ 2% 


-FORWARD CURRENT TRANSFER RATIO NORMALIZED TO THE- 
{Oma VALUE-RATIO 


bee 


A ( 


fe) 
I¢ ~COLLECTOR CURRENT- mA 


FORWARD CURRENT TRANSFER RATIO NORMALIZED 
TO THE 10mA VALUE VS COLLECTOR CURRENT 


SYMBOL MIN. MAX. D39J1-9 


hre 50 = UNITS 
hpg 80 om 
higy 150 - 
hee 20 = 
= 2 

FE - 
VcE(sat) = 10 Volts 
VecE at) — .260 Volts 
VeK(sat) = .750 Volts 
VBE(sat) - 8.50 Volts 
VBE(sat) a 1.00 Volts 
Cy b = 20 pF 
Ceb _ 110 pF 
fy 60 a MHz 


= i 
Saat H TYPICAL D39U 


Te -COLLECTOR CURRENT -mA 
COLLECTOR EMITTER SATURATION VOLTAGE 
VS COLLECTOR CURRENT 


x] t +t | 

10 TTT + | 

9 titty a + 
¢ 


SN Se 


BASE EMITTER VOLTAGE (VcE = 1V) 
AND BASE EMITTER SATURATION 


VOLTAGE (Ic = 10 x 1B) 


VS COLLECTOR CURRENT 


~ BASE EMITTER VOLTAGE, Vge (saT)~ BASE EMITTER SATURATION 


‘BE 
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From the leader in power 
device technology and 


innovator in plastic 
packaging ... 


Haat dni 


tric’s 

e and quality 

$ Can serve your 
rial application needs. 
Power Transistor Selector 
;uide and factory personnel 
are available for your inquiries. 
Contact your local GE distrib- 
utor or write to General 
Electric Co., Electronics Park, 
Bldg. 7, Box 49, Syracuse, 

NY 13201. 


NERAL @@ ELECTRIC 


1100 


Silicon Power Tab 


Monolithic Transistor 
Very High Gain Darlington Amplifier 
“Color Molded’ 


C @ hee Min.—10,000 and 40,000 
@ 1.33 Watt Free-Air Power Dissipation at T, = 50°C 
e Hard Solder Mountdown 


B TYPICAL APPLICATIONS: 
Driver Audio Output 
Regulator Relay Substitute 
Touch Switch Oscillator 
E I.C. Driver Servo-Amplifier 
Equiv. Circuit Capacitor Multiplier Pesds Can Be Formed. 
quiv. ! P P. To A TO-5 Pin Configuration 
absolute maximum ratings: (25°C unless otherwise specified) 
D40C1'1) 
D40C2 D40C4 D40C7 
D40C3 D40C5 D40C8 
Voltages 
Collector to Emitter Vceo 30 40 50 Volts 
Emitter to Base Vesd 13 13 13 Volts 
Collector to Emitter Veces 30 40 50 Volts 
Current(2) 
Collector (Continuous) Ic ——— Amps 
Collector (Peak) OY pa Amps 
(50% duty cycle, 25 msec. pulse 
width) 
Power Dissipation(2) 
Tab at 25°C(3) P- —__—— 6.25 ——__—-——_» Watts 
Tab at 70°C SS * OP ee Watts 
Free Air at 50°C 
With Tab —_———— 1.33 ———___, Watts 
Without Tab ———_ se Watts 
Thermal Resistance! 3) 
Junction to Case Résc Qa =: 207 ee °C/W 
Junction to Ambient Rasa 
With Tab —— 1 SC °C/W 
Without Tab —_————— 100 —________, °C/W 
Temperature?) 
Operating Ty ee ——— —55 to +150 |, °c 
Storage Tste —_——— —55 to +150 —— | °C 
Lead Soldering, 
1/16” + 1/32” from case for 
10 sec, max. TL a 260 oe °C 
NOTES: ; 


(1) The last digit is a part number which designates a voltage grade and an heg level. Tab and lead forming is specified by a letter after this digit. 
(2) Please refer to the safe region of operation curves for more information, 
(3) Tab temperature is measured on center of tab, 1/16” from plastic body: 


electrical characteristics: (25°C unless otherwise specified) 


Min. Typ. Max. 
Forward Current Transfer Ratio 
(Ic = 200 mA, Vee = 5V) hee 
D40C1, 4, 7 10K = 60K 
D40C2, 5,8 40K _ = 
D40C3 90K _ = 
(Ic = 20 mA, Vee = SV, f= 1 kHz) hte 
D40C1, 4, 7 - 10K = 
D40C2, 5,8 20K - 


D40€3 1101, gox . - 


D40C 


Collector to Emitter Voltage 
(Ic = 10 mA) 
D40C1, 2, 3 
D40C4, 5 
D40C7, 8 
Collector Saturation Voltage(4) 
(Ic = 500 mA, Ig = 0.5 mA) 
Base Saturation Voltage! 4) 
(Ic = 500 mA, Ip = 0.5 mA) 
Collector Cutoff Current 
(Vee = Rated Vees, Ty = 25°C) 
(Vce a Rated Vces; Ty >= 150°C) 
Emitter Cutoff Current 
(Veg = 13V) 
Input Impedance 
(Ic = 20 mA, Vee = SV, f= 1 kHz) 
Collector Capacitance 
(Voce = 10V, f= 1 MHz) 
Gain Bandwidth Product 
(Vce = 5V, Ie = 20 mA) 
Switching Times 
Delay Time and Rise Time 
(I¢ = 1A, Ig, = 1 mA) 
Storage Time 
(le aa 1A, le. = Igo =] mA) 
Fall Time 


Ic = 1A, Ig, =Ig2=1 mA 
ence Oe B1 B2 mA) 


Vceo 


Vce(saT) 
Vee(saT) 


Ices 
Icgo 


lego 
hie 


Coso 


ts 


(4) Pulsed measurement, 300 usec pulse width, duty cycle S 2%. 
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Silicon 
Power Tab 


Transistors 
“COLOR MOLDED” 


The General Electric D40D is a brown, silicone plastic encapsulated, power transistor designed 

for various specific and general purpose applications, such as: output and driver stages of @ 
amplifiers operating at frequencies from DC to greater than 1.0 MHz; series, shunt and 

switching regulators; low and high frequency inverters/converters; and many others. 


FEATURING: © High free-air power dissipation 
@® NPN complement to D41D PNP 
® Brown for NPN, black for PNP y, 
@ Low collector saturation voltage (0.5V typ. @ 1.0A I.) Wy 
@ Excellent linearity E Yi, 
@® Fast switching B 
@ Hard solder mount down c Brown 
Leads Can Be Formed 
absolute maximum ratings: (2 5° C) (unless otherwise specified) To A TO-5 Pin Configuration 
D40D10 
D40D1' D40D11 
D40D2 D40D4 D40D7 D40D 13 
D40D3 D40D5 p40D8 D400 14 
Voltages 
Collector to Emitter VCEO 30 45 60 75 Volts 
Emitter to Base VEBO 5 5 5 5 Volts 
Collector to Emitter Vers 45 60 75 90 Volts 
Current? 
Collector (Continuous) 1. S622 s_ eee Amps 
Collector (Peak) . eu LS _” Amps 
Power Dissipation” 
Tab at 25°C Py << 2 aa Watts 
Tab at 70°C a HO Watts 
Free Air at 25°C 
With Tab —_— — 167 —————-—_—-~ Watts 
Without Tab oo oS Watts 
Free Air at 50°C 
With Tab >——__—_—_—— 133 ————— Watts 
Without Tab — 1.0 ———____—_—_——_ Watts 
Thermat Resistance’ 
Junction to Case Rose ——_$§—§!0 °C/W 
Junction to Ambient Roya 
With Tab -~ 75 $$$ °C/W 
Without Tab —_—_§__—— 100 ——__----—~ °C/W 
Temperature® 
Operating Ty <___—— - 55 to +150 ————__ °C 
Storage PstG —=——__—_— §5 to +150 ———__* °C 
Lead Soldering, TL +260 °C 
1/16” + 1/32” from case for 10 sec max 
NOTES: 


‘The last digit is a part number which designates a voltage grade and an hyp level. Tab and lead forming is specified by a letter after this digit. 
? Please refer to the safe region of operation curves for more information, 
3Tab temperature is measured on center of tab, 1/16” from plastic body. 


= a ee A SS ES SS A A A A A SS aS ES SS on 


. : : D40D1 
electrical characteristics: (25°C) paopa D4005 
(unless otherwise specified) Daané D40D11 
p40D 13 ! at D40D3 p40p 14” 
Min. Max. Min. Max. Min. Max. Min. Max. 
Forward Current Transfer Ratio 
(VcE = 2 V, I, = 100 mA) hrg 50 150 120 360 290 - 120 360 
(Vcg=2 V,I,=1 A) hr 10 ~ 20 - 10 - 10 ~ 
Min. Typ. Max. 
Collector to Emitter Voltage 
(I, = 10 mA) D40D1, 2, 3 VCEO 30 - - Volts 
D40D4, 5 VCEO 45 “% i Volts 
D40D7, 8 VCEO 60 ~ — Volts 
D40D10, 11,13, 14 VCEO 75 - - Volts 
Collector Saturation Voltage 
Gd, = 500 mA, Ip = 50 mA) 
D40D1, 2, 4, 5 VCE(SAT) _ _ 0.5 Volts 
D40D7, 8, 10, 11, 13, 14 VCE(SAT) — _ 1.0 Volts 
Base Saturation Voltage 
(, = 500 mA, Ig = 50 mA) VBE(SAT) - - 1.5 Volts 


1 hre @1A. not specified for D40D13. 


2 hee @ 1A. not specified for D40D14. 
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os 


MIN. TYP. MAX. 
Collector Cutoff Current 
(VcE = Rated \Cgs) ‘ IcEs = 2 0.1 
(Vcg = Rated Voges, Ty = 150°C) ~ 1 - 
(VCE = Rated VcEo) : IcEO 7 1 = 
(Vck = Rated VcRo, Ty = 150°C) ~ 50 - 
Emitter Cutoff Current 
(VEB=5 V) TEBO _ _ 0.1 
Collector Capacitance 
(Vop = 10 V, f = 1 MHz CcBo ~ 8 - 
Gain Bandwidth Product 
(Vcg = 10 V, 1, = 20 mA) fr ~ 200 - 
Switching Times 
Delay Time and Rise Time 
(Ip = 1A, Igy = 0.1 A) ta +t, = 25 Fr 
Storage Time 
(Ic = 1 A, Igy =Ipz = 0.1 A) ts _ 200 - 
Fall Time 
i, = 1A, Igy =Ipz = 0.1 A) tf ~ 50 ose 
TYPICAL SATURATION VOLTAGE CHARACTERISTICS 
| Ig/Ige20 LL 1 
12 ] t2h 
Ig/Ig*!0 ey f 
1.0) i. Lo zal} 
YBE(saT) 
e °. # oa 
3 06 é os 
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7 aa E oa Ty = 150°c — 
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Silicon Power Tab 
Transistors 


“Color Molded” 


The General Electric D40E is a brown, silicone plastic encapsulated, power transistor 
designed for various specific and general purpose applications, such as: output and 
driver stages of amplifiers operating at frequencies from DC to greater than 1.0 
MHz; series, shunt and switching regulators; low and high frequency inverters/ 
converters; and many others. 


FEATURING: 

e High free-air power dissipation 
e NPN complement to D41E PNP 
e Brown for NPN, black for PNP 
e Low collector saturation voltage (—0.5V typ. @—1.0A I) Leads Can Be Formed 

® Excellent linearity To A TO-5 Pin Configuration 
e Fast switching 

¢ Hard solder mount down 


Brown 


absolute maximum ratings: (25°C) (uniess otherwise specified) 


D40E1 D40E5 D40E7 
Voltages Symbol Units 
Collector to Emitter VcEo 30 60 80 Volts 
Emitter to Base VEBO 5 5 5 Volts 
Collector to Emitter VcEs 40 70 90 Volts 
Current?’ 
Collector (Continuous) le -—_——- 2 — > Amps 
Collector (Peak) + —_—_—————_- 3 ————_ > Amps 
Base (Continuous) Iz am —— 05 ——— Amps 
Power Dissipation(?) (3) 
Tab at 25°C Pry +m — 8 ——— > Watts 
Tab at 70°C + 5.12 —_—_———_ > Watts 
Free Air at 50°C 
With Tab a ———__ 1.33 ————_— Watts 
Without Tab <+—\__—_ 10 ——-——-—-_> Watts 
Thermal Resistance(3) 
Junction to Case (Tab) Royce <+—__——_ 15.6 ——"__» °C/W 
Junction to Ambient Roja 
With Tab a os °C/W 
Without Tab a ——100 ———__> °C/W 
Temperature 
Operating Ty qa — 55 to +150 ———» °C 
Storage Tstc <4 _ —_ — 55 to +150 ————» °C 
Lead Soldering, TL +260 °C 


1/16” + 1/32” from case for 10 sec max 


NOTES: 

(1)The last digit is a part number which designates a voltage grade and an hrg level. Tab and lead forming is specified by a letter after this digit. 
(2)Please refer to the safe region of operation curves for more information. 

(3)Tab temperature is measured on center of tab, 1/16” from plastic body. 
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electrical characteristics: (25°C) (untess otherwise specified) 


D40E1 D40E5 D40E7 
Forward Current Transfer Ratio Symbol Min. Max. Min. Max. Min. Max. 
(VcE=2V, I¢ =100mA) her 30 7 50 = 50 a 
Von =2V,1o=1A) her 10 10 = 10 - 
Collector to Emitter Voltage Symbel Min. Typ. Max. Units 
(Ic =10 mA) D40E1 VcEo 30 — — Volts 
D40E5 VcEo 60 — — Volts 
D40E7 VcEO 80 — — Volts 


Collector Saturation Voltage 
(Ic =1.0A, Ip = 0.1A) 
D40E1, 5,7 VcE(saT) —_ — 1.0 Volts 
Base Saturation Voltage 
(Ic =1.0A, Ip =0.1A) 


D40E1, 5, 7) V BE(SAT) — — 1.3 Volts 

Collector Cutoff Current 

(V.ce = Rated Vrs) Icrs = — 0.1 uA 
Emitter Cutoff Current t 

(Vep=5V) [EBO = — 0.1 HA 
Collector Capacitance 

(VcR=10V, f=1 MHz) Ccso —_ 9 — pF 
Gain Bandwidth Product 

(Vcg =10V, Ic =100 mA) fr — 230 — MHz 


Switching Times 
Delay Time and Rise Time 


(Ic=IA, Ipy =0.1A) tdt+ty = 130 — nsec 
Storage Time 

(Ice =1 A, Ip1=I pg = 0.1A) ts = 400 — nsec 
Fall Time 

(Ic =1 A, Ipt =I pg = 0.1 A) tf = 170 — nsec 
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Silicon Power Tab 


Monolithic Transistor 
Very High Gain Darlington Amplifier 
“Color Molded’ 


NPN Complement To D41K O 
her Min. — 10,000 
B 1.67 Watt Free-Air Power Dissipation 


TYPICAL APPLICATIONS: 


Driver Audio Output 
E Regulator Relay Substitute 
Equiv. Circuit Touch Switch Oscillator an 
Lc. Driver Servo-Amplifier c 
Capacitor Multiplier Leads Can Be Formed 
To A TO-5 Pin Configuration 
absolute maximum ratings: (25°C) (unless otherwise specified) 
D40K1, 3 D40K 2, 4 
Voltages Symbol Units 
Collector to Emitter Vero 30 50 Volts 
Emitter to Base Veso 13 13 Volts 
Collector to Emitter Voss 30 50 Volts 
Current (2) 
Collector (Continuous) Ic +. —__—_ 2 —— Amps 
Collector (Peak) q___—_ ——___———_—_> Amps 
(50% duty cycle, 25 msec. pulse width) 
Power Dissipation (2) 
Tab at 25°C(®) Pr <q _—__——__. 10 ——_—_—__—"_ Watts 
Tab at 70°C ——— Ae Watts 
Free Air at 25°C 
With Tab a 1.67 —_""__» Watts 
Without Tab +__—___—__- 25 ———_______» Watts 
Free Air at 50°C 
With Tab << _ —_—_—___ 11.33 ——________» Watts 
Without Tab _ ——— 10 ———— > Watts 
Thermal Resistance (3) 
Junction to Case Rose Ss 125 0 °C/W 
Junction to Ambient Rosa 
With Tab a —_— 5 °C/W 
Without Tab —\_|_\— 100 ——~ °C/W 
Temperature (3) 
Qperating Ts <?4————__——_ - 55 to +. 150 —_____—___> a © 
Storage Tsre ?—_—_—_— -55 to +. 150 ——___—___> 
Lead Soldering, °C 
Ye" + Vo” from case for 10 sec max Ti <4 +260 -———__—_—___» °C 
NOTES: 


’fhe last digit is a part number which designates a voltage grade and an hru level. Tab and lead forming is specified by a letter after this digit. 
(Please refer to the safe region of operation curves for more information. 
“)Tab temperature is measured on center of tab, 114” from plastic body. 
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electrical characteristics: (25°C) 


Forward Current Transfer Ratio Min. 
(Ie = 200 mA, Vee = 5V) hre 10K 
(Ic = 1.5A, Vez = 5V) 1K 
(Ic = 1.0A, Vor = 5V) 1K 
Min. 
Collector to Emitter Voltage 
(Ic S10 mA) D40K1 ’ 3 Vero 30 
D40K2, 4 50 


Collector Saturation Voltage (4) 
(Ic = 1.5A, Ip = 3mA) D40K1, 2 Ve 
(Ic = 1.0A, I, =2mA) D40K3,4 

Base Saturation Voitage (4) 


(Ic = 1.5A, Ig = 3mA) D40K1,2 Visads 


(Ic = 1.0A, 1g = 2mA) D40K3,4 
Collector Cutoff Current 


BOOED — 


(Vee = Rated Vers, foe 25°C) Tors = 

(Vex = Rated Vers, Tr= 150°C) Icno —— 
Emitter Cutoff Current 

(Ves => 18V) Tio a 
Collector Capacitance 

(Ves = 10V, ft MHz) Con are 
Gain Bandwidth Product 

(Ver = 5V, Ic = 20 mA) fr 1 


NOTE: 


‘Pulsed measurement, 300 usec pulse width, duty cycle S2%. 


SATURATION VOLTAGES-VOLTS 


° 
nN 


4.0 


Le 
° 


3 


Q 
rs 


fo) 


| 
Vee(sat) a] ~ 


—— 


Ol 02 04 Ol 0.2 04 


T¢ COLLECTOR CURRENT ~AMPERES 
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(unless otherwise specified) 


D40K1, 3 
D40K2, 4 
Typ. Max. 
—_ — Volts 
— — Volts 
— 1.5 Volts 
— 1.5 Volts 
= 2.5 Volts 
— 2.5 Volts 
_ 0.5 BA 
= 20 uA 
—_— 0.1 pA 
5 10 pF 
75 — MHz 
Figure 1 


TYPICAL SATURATION VOLTAGE 


Figure 2 


TYPICALhee vs. Ic 


PULSE WIDTH *2 MILLISEC. 
DUTY CYCLE 2% 
D40KI AND D40K2 


Ig COLLECTOR CURRENT (AMPERES) 


Figure 3 


TYPICAL CcgBo vs. VOLTAGE 


CcBo COLLECTOR BASE 
CAPACITANCE PICOFARADS 


| 2 4 6 8 10 20 40 60 80 100 
Vog COLLECTOR-TO-BASE VOLTAGE~VOLTS 
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DIMENSIONAL OUTLINES 


BIS O75) ase 075 
285 065 **5 10 o6s< 4 >” 
} | CHAMFER 070 CHAMFER 


| 
SEATING i 
G PLANE f 
f] 


ae 
m 
™ 
oO 
a 

OO 


a eee 
Je 105 026 | 026 
105 995 105 O19 120 org 
095 095 080 
029 ‘ 190 
Ong NOTE 2 +35 
TYPE U NOTES TYPE U 
LEAD LABELS 1 ALL_DIM. ARE IN INCHES AND ARE REF. FITS TO-5 PRINTED CIRCUIT 
LEMITTER UNLESS TOLERANCED BOARD MOUNTING CONFIGURATION 
2 BASE 2. .043-.057 LEAD WIDTH WITHIN 0.100 


3.COLLECTOR 


OF BODY. 


TYPICAL INSULATING 


MOUNTING 
NYLON 
SHOULDER 
HEAT SINK WASHER MICA 


NOTE: THE THERMAL RESISTANCE TAB 
TO HEAT SINK WITH THE MICA WASHER 
IS APPROXIMATELY 75°C/W WITHOUT 
ANY THERMAL CONDUCTING COMPOUND 
AND ABOUT 3.75°C/W WITH A THERMAL 
CONDUCTING GREASE. 


WASHER 
¥ 
eal LOCK 
Bil WASHER 
MDL 


INSULATING KIT 


ee! 


4-40 MICA WASHER (.003 THICK) 
SCREW 
a 
NYLON SHOULDER 
WASHER 


THE ABOVE PARTS WILL BE AVAILABLE UPON 
REQUEST AS A SEPARATE KIT AT AN ADDITIONAL 
COST. KIT #I38B8I89PI! 
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Silicon Power Tab Transistors 


High Voltage Video 
Output Transistor 


The D40N is a silicone plastic encapsulated power transistor for TV video 
and color output stages. Other TV and general applications include: (1) Drive 
for the TV horizontal sweep tube;.(2) Audio output stage for portable TV 
sets; (3) High-voltage transistor regulator; (4) Video display drivers for 
oscilloscopes, electroluminescent displays and desk calculators; (5) High- 
voltage general usage. 


FEATURING: 


@ POWER-GLAS passivation 
@ Low Ccg (2.0 pf typ. @ Veg = 20V) 
@ Gain rated at 3 collectof currents 


absolute maximum ratings: (25°C) (unless otherwise specified) 


Brown Silicone 
Leads Can Be Formed 
To A TO-5 Pin Configuration 


D40N1(1) D40N3 
D40N2 D40N4 D40N5 
Voltages(2) (4) 
Collector to Emitter Vocer 250 300 375 Volts 
Emitter to Base VeEBo 5 5 5 Volts 
Current 
Collector (Continuous) Ie —_——————_-_ 0.10 —————_—— Amps 
Power Dissipation 
Tab at 25°C(3) Py ——_—_—_——— ss 6.25. ——___—--— > Watts 
Tab at 70°C —_—_—__—_—_—_ 4 ———937“ Watts 
Free Air at 50°C —_—————— 1.33) ——______» Watts 
Free Air at 50°C (Without Tab) —_—__———_ 1 —_—_—_—_—_— Watts 
Thermal Resistance(3} 
Junction to Case Rac ——=——_ 20 ———— °C/W 
Junction to Ambient Rasa 
With Tab ~——_——_— _ 75 —__<_—_—_—> °C/W 
Without Tab ————- 100 TE EEE Ennead °C/W 
Temperature(3) 
Storage Tstc —m——_——— —55 to +150 —————--—» °C 
Operating Ty ——_— —55 to +150 ———__—__» °C 
Lead Soldering, 1/16” * 1/32” 
from case for 10 seconds max. TL —$§_—_\_—._ +260 ——_______» °C 


NOTES: 


(1) The last digit is a part number which designates a voltage grade, Tab and lead forming is specified by a letter after this digit. 


(2) Test conditions: Ic = 1.0 mA, Ree = 10k 
(3) Tab temperature is measured on center of tab, 1/16” from plastic body, 
(4) Pulsed measurement, 300 psec pulse width, duty cycle < 2%. 


ee ee ere ee ee ae me ee ee ee ee ee ce ee ee ee ee ee ee me ee re rn omen 


electrical characteristics: (25°C) cuniess otherwise specified) 


D40N1 
D40N3 D40N5 


Min. Max. Min. Max. 


Forward Current Ratio 


(Vce = 10V, Ic =4 mA) hee 20 _ 15 = 
(Voz = 10V, Ig = 20 mA) hee 30 90 20% nes 
(Ver = 10V, Ic = 40 mA) Ree 20 a IS 


ELECTRICAL CHARACTERISTICS (Continued) 


Min. Typ. Max. 
Collector to Emitter Voltage(4) 
(Ice = 1.0 mA, Base to EmitterR=10kQ) Veer 
D40N1, 2 250 — _ Volts 
D40N3, 4 300 _ - Volts 
D40NS5 375 = = Volts 
Collector Cutoff Current 
(Veg = 300V, Ty = 25°C) D40N3, 4, 5 IcBo oe 0.1 10 vA 
(Vcg = 250V, Ty = 25°C) D40N1, 2 ~ 0.1 10 MA 
(Veg = 250V, Ty = 150°C) Ls 5 = pA 
Emitter Cutoff Current 
(Veg = 5V) eso i = 10 HA 
Collector Capacitance 
(Ves = 20V, I_ = 0, f= 1MHz) Cop _ — 3 pF 
Gain Bandwidth Product 
(Ig = 20 mA, Veg = 10V) fy 50 80 _ MHz 
(Ig = 20 mA, Vee = 20V) 75 95 _ MHz 
NOTE: 
(4) Pulsed measurement, 300 psec pulse width, duty cycle < 2%, 
MAXIMUM PERMISSIBLE DC TYPICAL Hee VS. Ic 


POWER DISSIPATION 


SS a 


0 ————— 
Wise ae ee 
| Besta +——+ + —— 60 
7 a a a ALLOWABLE POWER beer = a 
WITH- HEATSINK #9. ben eet | 
(To- REFERENCE TEMPERATURE ) | 
TT] a NG 

w 
i 
q 20 _— 
a ce tee | VN 
z 
2 
a. t Ege IE! {I li 
= a fy 
8 oF a Pt tt PA aA 
So 3 ry Rea CS [| ff fpr a a 
ie r f Cea) (ET ER FR GS Gnas 
: 7) ESE Ere Fi eee an ea Oe a 1 
2 ol Ee SI a a a Eek 
1 : \ 
é pices ae Fea) eed ay Fa A. YE 

2 Fassia oue® ao PT TTT | LENT 

DISSIPATION 
i 
i 
1 | 2 4 6 8 10 20 40 60 80 100 
I¢-COLLECTOR CURRENT-MILLIAMPERES 
fo) 


° 20 40 60 80 100 120 140 160 
REFERENCE TEMPERATURE (Tc OR Ta}-°C 
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Vpe- BASE-TO-EMITTER VOLTAGE - VOLTS 


MAXIMUM TRANSIENT THERMAL IMPEDANCE 


ITT One ABSENT ae oot B [_Daon_| 
| 


Vcern£ 300 VOLTS 


WITHOUT TAB 


JUNCTION-TO- 
+AMBIENT WITH TAB;4 


UNCTION-TO-TAB 


TRANSIENT THERMAL IMPEDANCE -°C/W 


es 10°5 1o°4 08 102 to"! 10 100 
TIME ~ SECONDS 
JUNCTION CAPACITANCE VS. REVERSE 
SAFE REGION OF OPERATION BIAS VOLTAGE 


roy 
3° 


T 
lp SEC PULSES 


@ 
fo} 


2 

ie) 
3 
[e) 
i 
a 
m 
oO 


T 
MAXIMUM DC POWER LIMITATION 
RE 


[———~ AT 70°C TAB TEMPERATU! i 


25 MILLISEC PULSES 
1O MILLISEC 
L i MILLISEC _ 


TUT 


8 


Veen MAXIMUM D40N1, 2 


FORWARD BIASED OPERATION 
DUTY CYCLEs 50% TO < 70°C 


nN 
° 
o @o2Oo 


Ig-COLLECTOR CURRENT-MILLIAMPERES 


Veer MAXIMUM 040N3,4 


JUNCTION CAPACITANCE ~ PICO FARADS 


10 20 40 60 80 100 200 400 
Veg- COLLECTOR-TO-EMITTER VOLTAGE ~VOLTS 


| 2 4 6 6 0 20 40 «60-80 100 200 400 
REVERSE BIAS VOLTAGE - VOLTS 


SATURATION VOLTAGE 
INPUT CHARACTERISTICS CHARACTERISTICS 


Oeste seers 


6 
Ic¢/Ipe!O 
T= +150°C 8: 
4 comme T= 25°C 


SATURATION VOLTAGE ~ VOLTS 


02 


iti} 
(08 Jt 2 4 6 68 20 40 60 80 100 


10 10? 105 1o* 0! 
Ig- BASE. CURRENT~ MICROAMPERES Ig- COLLECTOR CURRENT-MILLIAMPERES 
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TYPICAL TRANSCONDUCTANCE 


CHARACTERISTICS 
120 
10 | | + L | J 
100 -—+- + Veg 2 OV t—+-—-+F + 


2 
°o 


ay 
oO 


+ 


Ig-COLLECTOR CURRENT- MILLIAMPERES 
D 
fo} 


40 + 
t-—+—+ Ty? ~55°Cr 

30 

20 + 

1 meee Saree | 
10 --4— 
oO 4 
02 03 04 OF O86 OF O08 09 10 


Vag —- BASE-TO-EMITTER VOLTAGE - VOLTS 


CONTOURS OF CONSTANT GAIN 
BANDWIDTH PRODUCT 


100 1 T 
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BOF =20MHZ wb 
70 t— 69 
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50 3 
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& 20 
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Vee- COLLECTOR-TO-EMITTER VOLTAGE — VOLTS 


DIMENSIONAL OUTLINES 


_ = 132 
if 
520 
480 388 * 
7° "365 
: | 
315 075 
pus x45? 
as 065 «49 
} t CHAMFER 
12 
REF 060 
420 050 
406 
afd 3 
4 105 
105 | 995 105 
095 929 095 
an fe 229 
553 NOTE 2 
TYPE U NOTES 
LEAD LABELS | ALL OIM ARE ININCHES AND ARE REF 
EMITTER UNLESS TOLERANCED 
2 BASE 2 043-057 LEAD WIDTH WITHIN 0100 


3 COLLECTOR 
4 MOUNTING TAB 
{electrically common to colle 


OF BODY 


ctor) 


1120 


[120 
O80 


TYPE U 


FITS TO-5 PRINTED CIRCUIT 
BOARD MOUNTING CONFIGURATION 


Silicon 
Power Tab 
Transistor 


The D40P is a brown silicone encapsulated glass passivated power transistor 
designed for various specific and general purpose applications such as: series, 
shunt and switching regulators, high frequency invertors, and display tube and 
TV deflection circuitry. 


FEATURING: 

@ POWER-GLAS passivation 

@® High Free Air Power Dissipation c 

@® Hard Solder Mountdown Leads can be formed to a TO-5 
® Fast Switching Pin Configuration. 

@® Brown for NPN 


absolute maximum ratin QS: (25°C unless otherwise specified) 


Voltages D40P1 D40P3 D40P5 
Collector to Emitter VcEO 120 180 225 Volts 
Emitter to Base VeBo 7 7 7 Volts r 
Collector to Base Vcso 200 250 300 Volts see Dy 
Current : 
Collector (Continous) Io 0.5 Amp. cee ee 
Power Dissipation Ty a 
Tab at 25°C <+<—________. 6.25. ——_____+ Watts see “ar annare meme CO etl 
Tab at 70°C Py — ———_ 4.0 ————— Watts Penner San 
Free Air at 50°C 133 Watts 
Free Air at 50°C (without tab) OS 100 Watts An insulating hardware kit 
Thermal Resistance (mica washer, nylon shoulder 
Junction to Case R@uc —___—— 20———— °C/W washer, and solder lug) is 
Junction to Ambient R@sA available at an additional cost 
(with tab) en a 5 ae a ee ey °C/W upon request. Kit # 138B8189P11, 
(without tab) 100 cw Dimensional Outlines 
Temperature 
Operating Tj mm i — -—55 to +150 —————> °C 
Storage Tstg —m —_ -S5 to +150 ———— °C 
Lead Soldering, 1/16” + 1/32” 
From case for 10 sec, max, = TL —_————_ + 260 ——_——_— GC 


electrical characteristics: (25°C unless otherwise specified) 


Forward Current Transfer Ratio Min. Max. Units 
(Ie = 80 mA, Vce = 10V) hee 40 — 
(le = 2 mA, Veg = 10V) 20 — 
Collector to Emitter Voltage 
(le =1.0mA, Ib = 0) VcEO 
D40P1 120 — Volts 
D40P3 180 _ Volts 
D40P5 225 = Volts 
Collector Cutoff Current 
(Rated Veceo) IcBo —= 10 UA 
Emitter Cutoff Current 
(VeBpo =7V) leBo = 10 A 
Collector Saturation Voltage 
(Ic = 100 mA, Ig = 10 mA) Veg (SAT) — 1 Volt 
Base Saturation Voltage 
(le = 100 mA, Ig =10 mA) Vee (SAT) — 1.5 Volt 
Gain Bandwidth Product 
(Ic = 80 mA, Veg = 10V) fy 50 — MHz 
Storage Time 
(Ic (ON) = 80 mA, Ig (ON) = 8mA ts — 2.5 [sec 


Ig (OFF) = 8 mA) 
Coilector Capacitante 
(Vop = 1OV, Ie = 0) Cee —_ 6 of 
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JUNCTION CAPACITANCE -PICOFARADS 
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TYPICAL SATURATION 


VOLTAGE CHARACTERISTICS 


MAXIMUM OC 
CURRENT LIMIT 


Py-POWER DISSIPATION - WATTS 
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TYPICAL JUNCTION CAPACITANCE 
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Vee -COLLECTOR-EMITTER VOLTAGE - VOLTS 


MAXIMUM PERMISSIBLE 
DC POWER DISSIPATION 
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SAFE REGION OF OPERATION 
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Silicon Power Tab 


Transistors 
“Color Molded” 


The General Electric D41D is a black, silicone plastic encapsulated, power transistor designed 
for various specific and general purpose applications, such as: output and driver stages of 
amplifiers operating at frequencies from DC to greater than 1.0 mHz; series, shunt and switching 
regulators; low and high frequency inverters/converters; and many others. 


FEATURING: 


High free-air power dissipation 

PNP complement to D40D NPN (previously D28D) 

Black for PNP, brown for NPN 

Low collector saturation voltage (—0.5V typ. @ —1.0A Ic) 
Excellent linearity Black Silicone 

Fast switching Leads Can Be Formed 
Hard solder mount down To A TO-5 Pin Configuration 


absolute maximum ratings: (25°C) (unless otherwise specified) 


D41D14 
D41D13 
p41pD1(1)  p41D4 D41D7 D41D10 
Da1ib2_ = b41D5 ss 41D8 AND 11 
Voltages 
Collector to Emitter Vceo —30 —45 ~60 -75 Volts 
Emitter to Base Veso -— 3 -— 5 - 5 a) Volts 
Collector to Emitter Vces —45 -60 ~-75 -90 Volts 
Current(2) 
Collector (Continuous) , Ic A) Amps 
Collector (Peak) A$  —- 1,5 —__--—__— Amps 
Power Dissipation (2) 
Tab at 25°C Py ——_$§£$_—_— 6.25 ——______> Watts 
Tab at 70°C a HA Watts 
Free Air at 25°C 
With Tab — —_———_ 1.67 —________ Watts 
Without Tab ————_ 1.25 —_____ Watts 
Free Air at 50°C 
With Tab —_ ————_ 1.33 ——_____—_ Watts 
Without Tab = ——— | oO Watts 
Thermal Resistance(3) 
Junction to Case R@sc —__— 20 ——____—__"+ °C/W 
Junction to Ambient R@ua 
With Tab OT IW 
Without Tab OO c/w 
Temperature!3) 
Storage TstG + —— -—55 to +150 ——_—_—____> 8, 
Lead Soldering, ° 
1/16” + 1/32” from case for 10 sec max TL —<————=:+.260 ——————— Cc 
NOTES: 


(4) The last digit is a part number which designates a voltage grade and an he ¢ level. Tab and lead forming is specified by a letter after this digit. 
(2)Please refer to the safe region of operation curves for more information. 
(3)Tab temperature is measured on center of tab, 1/16" from plastic body. 
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electrical characteristics: (25°C) 


(unless otherwise specified) 


D41D1 D41D11 
D41D4 D41D5 
D41D7 D41D2 D41D8 041D13 D4 
Forward Current Transfer Ratio Min. Max. Min. Max. Min. Max. Min, Max. Min 
(Vce = —2V, Ig = —100 mA) hee 50 150 120 360 120 360 50 150 120 
(Vee = -2V, Ie = -1A) hee 10 7 20 - 10 - - 7 = 
Min. Typ. Max. 
Collector to Emitter Voltage 
(lg =-10mA) D41D1, 2 Vceo —30 a = 
D41D4, 5 VceEO —~45 = = 
D41D7, 8 VcEO —60 - = 
D41D10, 11, 13, 14 VcEO —75 - = 
Collector Saturation Voltage 
(Ic = —500 mA, Ig = —50 mA) 
D41D1, 2, 4, 5 Vocge(SAT) - 7 —0.5 
D41D7, 8, 10, 11, 13, 14 Vce(SAT) = baa —-1.0 
Base Saturation Voltage 
(Ic = ~500 mA, Ig = —50 mA) Vge(SAT) - = -1.5 
Collector Cutoff Current 
(Vce = Rated Vces) Ices = = -0.1 
(Voce = Rated Vces, Ty = 125°C) - -1 5 
(Voce = Rated VceEo) IcEO - -l a, 
(Vce * Rated Voces, Ty = 125°C) = —50 = 
Emitter Cutoff Current 
(Veg = —-5V) leBo = a —0.1 
Collector Capitance 
(Veep = -10V, f=1 mHz) Ceso = 10 iol 
Gain Bandwidth Product 
(Voce = —1O0V, Ic =—-20 mA) fy = 150 pa 
Switching Times (see Figs. 1 & 2) 
Delay Time and Rise Time 
(lc = —1A, I314 ba —O0.1A) ty + t, - 50 = 
Storage Time 
(I¢ = -1A, Igy = Ig2 = —0.1A) t, = 75 = 
Fall Time 
(Ic = —-1A, Ig7 = Ig2 = —0.1A) tt - 40 - 


SWITCHING CIRCUIT TO MEASURE 
SWITCHING TIMES 


-Vec 
OU.T. 
50.0. 
*Vee 
RISE TIME = Ipytlgo20.t AMPS 
1 NANOSECONDS MAX PULSE = |Op SEC 
FALL TIME= P.R.T. = |Om SEC 
1 NANOSECONDS MAX CRT= TEKTRONIX CURRENT 
TRANSFORMER 
FIGURE 1 
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OSCILLOSCOPE DISPLAY OF INPUT 
AND OUTPUT PULSE WAVEFORM IS 
OF SWITCHING CIRCUIT SHOWN 
IN FIGURE 1 


“Igy 
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I (| > ete 
tat tee 
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FIGURE 2 
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MAXIMUM PERMISSIBLE DC POWER DISSIPATION 


FORWARD BIASED OPERATION 
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Voes MAX : D4104,5 
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Vog - COLLECTOR TO EMITTER VOLTAGE - VOLTS 


SAFE REGION OF OPERATION 


FORWARD BIASED OPERATION 
SINGLE PULSE 


PEAK CURRENT LIMI 


MAX DC POWER 
DISSIPATION AT 
25°C CASE 

TEMPERATURE 


50 ~SEC PULSE 
100 »SEC PULSE 
1000 1 SEC PULSE 
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Vogs MAX: 
Voces MAX: 
Voces MAX: 


D41D1,2 
04104,5 
D41D7,8 
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MAXIMUM COLLECTOR TO EMITTER VOLTAGE - VOLTS 


I¢- COLLECTOR CURRENT - mA 


-40 -60-80-100 
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FORWARD BIASED OPERATION 
DUTY CYCLE < 50% 
Te = 70°C 


| wSEC PULSE | 
10 »SEC PULSE 
100 ~SEC PULSE 


MAX DC POWER 
DISSIPATION AT 
70°C 

TEMPERATURE 


Voces MAX: 
Voces MAX: 
Voes MAX: 
Voes MAX: 


04104,5 
04107,8 


-6 -8-10 
MAXIMUM COLLECTOR TO EMITTER VOLTAGE ~ VOLTS 


-40 -60 -80-100 


MAXIMUM TRANSIENT THERMAL IMPEDANCE 
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WITH TAB | 


JUNCTION TO TAB 


TRANSIENT THERMAL IMPEDANCE - °C/ WATT 
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TYPICAL SATURATION VOLTAGE CHARACTERISTICS 
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TYPICAL TRANSCONDUCTANCE CHARACTERISTICS 
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Voer- COLLECTOR TO EMITTER VOLTAGE -VOLTS 


TYPICAL VcgR 


TYPICAL INPUT CHARACTERISTICS 
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Lf yyerev | L ul | ff} | 
L 


T T 
| [Wye asec 


Ig* -toma 
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Vee -BASE EMITTER VOLTAGE — VOLTS 
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Rge - BASE TO EMITTER RESISTANCE - OHMS 


Tg- BASE CURRENT- mA 


DIMENSIONAL OUTLINES 


ull 
a) 
ol 


eer ces 132 


315 O75 o 07: 
Bas ‘oes**> HO" oanxae" 
} | Hl CHAMFER 070 CHAMFER 
1.2 SEATING ! 
REF 060 PLANE 
420 050 250 
406 230 
£ ’ 1 2 | (3 | 
E t05 026 026 
105 a 095 198 + O19 at O19 
035 029. _ 095 r 56 1080 
O23 NOTE 2 170 
NOTES: TYPE U 
I. ALL OIM. ARE IN INCHES AND ARE REF LEAD LABELS 
UNLESS TOLERANCED. L EMITTER 
x . BASE 
2. 043 O87 LEAD WIDTH WITHIN 0.100 3 COLLECTOR 
TYPICAL INSULATING INSULATING KIT 


MOUNTING 
NYLON 


SHOULDER 
HEAT SINK WASHER MICA 
SHER 


WA 
4- IER (.003 THICK 
i strtw MICA WASHER ( T ) 
LOCK is 
WASHER NYLON SHOULDER 
WASHER 


THE ABOVE PARTS WILL BE AVAILABLE UPON 
REQUEST AS A SEPARATE KIT AT AN ADDITIONAL 
COST. KIT #13888189 Pi) 


NOTE: THE THERMAL RESISTANCE TAB 
TO HEAT SINK WITH THE MICA WASHER 


IS APPROXIMATELY 75°C/W WITHOUT 
ANY THERMAL CONDUCTING COMPOUND 
AND ABOUT 3.75°C/W WITH A THERMAL 
CONDUCTING GREASE. 
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Silicon Power Tab 
Transistors 


“COLOR MOLDED” 


The General Electric D41E is a black, silicone plastic encapsulated, power transistor 
designed for various specific and general purpose applications, such as: output and 
driver stages of amplifiers operating at frequencies from DC to greater than 1.0 
mHz; series, shunt and switching regulators; low and high frequency inverters/ 
converters; and many others. 


FEATURING: 

¢ High free-air power dissipation 
¢ PNP complement to D40E NPN 
e Black for PNP, brown for NPN 


¢ Low collector saturation voltage (—0.5V typ. @—1.0AI¢) Black Silicone 
¢ Excellent linearity Leads Can be Formed 
¢ Fast switching To A TO-5 Pin Configuration 


e Hard solder mount down 


absolute maximum ratings: (25°C) (unless otherwise specified) 


D41E1 D41E5 D41E7 
Voltage 
Collector to Emitter VcKo —30 —60 —80 Volts 
Emitter to Base VeBo — 5 —5 —5 Volts 
Collector to Emitter VeEs —40 —T0 —90 Volts 
Current °) 
Collector (Continuous) l¢ +. _—__— — 2 ———_—_——__» Amps 
Collector (Peak) ._—— — 3 ————_> Amps 
Base (Continuous) Ip + — 0.55 —__—_____—_> Amps 
Power Dissipation‘) “) 
Tab at 25°C PT -— —_— 8 —_? Watts 
Tab at 70°C +\_|_—— 5.12 ——_——__» Watts 
Free Air at 50°C 
With Tab SS 33 SS Watts 
Without Tab mM ———_ 10 ————* Watts 
Thermal Resistance 
Junction to Case (Tab) R pyc <.—+_\_— 15.6:—————_ °C/W 
Junction to Ambient Roja 
With Tab 4 115 °C/W 
Without Tab + ———_ 100 —————_ °C/W 
Temperature 
Operating Ty «+ ——  —55 to + 150 —————» °C 
Storage TVstc + —55 to + 150 ———_——_» °C 
Lead Soldering, TL +—____— +260 ——_-————__» °C 


1/16” + 1/32” from case for 10 sec max 


NOTES: 

(1)The last digit is a part number which designates a voltage grade and an hr¢ level. Tab and lead forming is specified by a letter after this digit. 
| (2)Please refer to the safe region of operation curves for more information. 

(3)Tab temperature is measured on center of tab, 1/16” from plastic body. 
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electrical characteristics: (25°C) (unless otherwise specified) 


D41E1 D41E5 D41E7 
Forward Current Transfer Ratio Symbol Min. Max. Min. Max. Min. Max. 
(Vep =—2 V, Ic =—100mA) her 50 — 50 — 50 —_ 
(Vcp=—2V, Ic= 1A) her 10 ae 10 = 10 — 
Collector to Emitter Voltage Min. Typ. Max. Units 
(Ic =—10mA) D41E1 Viens 30 — — Volts 
D41E5 Vicko 60 = — Volts 
D41E7 Viens 80 = — Volts 
Collector Saturation Voltage (1) 
(Ic =—1.0A, Ip =—0.1A) 
D41E1, 5,7 Vce(sat) — — 1.0 Volts 
Base Saturation Voltage 
(Ic = —1.0A, I, =—0.1A) D41E1, 5,7 Vape(sat) — = 1.3 Volts 
Collector Cutoff Current 
(V ce=Rated V ces) IcEs _ _ =O He 
Emitter Cutoff Current: 
(Ven=—5 V) leBo —_ _ —0.1 MA 
Collector Capacitance 
(Vcu=—l0V, f =1 MHz) Cczo ~_ 13 — pF 
Gain Bandwidth Product 
(Ver =—10V, Ic =—20 mA) fr — 175 — MHz 
Switching Times 
Delay Time and Rise Time | 
(Ic=—1 A, Ip] =—O.1A) td + tr — 180 _ nsec 
Storage Time 
(¢=—1A, Ip] =I p29 =—0.1A) ts — 250 — nsec 
Fall Time 
(lg=—1A, Ip] =I g2 =—0.1A) tf “ 110 — nsec 


— 


MAX VcEo D4IE7 


Vce-VOLTS 


Figure 2 


MAXIMUM PERMISSIBLE 
Zc" AMPERES DC POWER DISSIPATION 
Figure 1 
TYPICAL SATURATION 
VOLTAGE CHARACTERISTICS 


1130 


MAX. POWER DISSIPATION 
Tcase = 70°C 


PULSED OPERATION 
DUTY CYCLE < 50% 


MAX. Voge D4IES 
rT ' 
MAX. Veg D4IE7 


Figure 3 


SAFE REGION OF OPERATION 


0.0! 0.1 1.0 
Ic AMPERES 


Figure 4 


TYPICAL Her VS Ic 


JUNCTION TO AMBIENT. 
WITHOUT TAB 


JUNCTION TO AMBIENT 


WITH TAB o— 
ee es 
JUNCTION 


TO CASE (TAS) 
a eee ee 
a 


TRANSIENT THERMAL IMPEDANCE -°C/W 


TIME IN SECONDS 


Figure 5 


MAXIMUM TRANSIENT THERMAL IMPEDANCE 
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Figure 6 


TYPICAL TRANSCONDUCTANCE 


CHARACTERISTICS 


8 


le 1o5, 026 
105 035 105 Or 
095 
02° NOTE 2 +8 


TYPE U 
LEAD LABELS 
| EMITTER 
2.BASE 
3.COLLECTOR 
4.MOUNTING TAB 


NOTES - 

i. ALL DIM. ARE IN INCHES AND ARE REF. 
UNLESS TOLERANCED. 

2. ,.043-.057 LEAD WIDTH WITHIN 0.100 
OF BODY. 


(electrically common to collector) 
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TYPE U 


FITS TO-5 PRINTED CIRCUIT 
BOARD MOUNTING CONFIGURATION 


Silicon Power Tab 


Monolithic Transistor 
Very High Gain Darlington Amplifier 
“Color Molded” 


C 
PNP Complement To D40K 
B hee Min. — 10,000 
1.67 Watt Free-Air Power Dissipation 
E TYPICAL APPLICATIONS: 
, inet Driver Audio Output 
Equiv. Circuit Regulator Relay Substitute 
Touch Switch Oscillator Leads Can Be Formed 
LC. Driver Servo-Amplifier To A TO-5 Pin Configuration 


Capacitor Multiplier 


absolute maximum ratings: (25°C) (unless otherwise specified) 


D41K1,3 D41K2,4 
Voltages Symbol Units 
Collector to Emitter Vero —30 —50 Volts 
Emitter to Base Virwo —13 —13 Volts 
Collector to Emitter Vous —30 —50 Volts 
Current 
Collector (Continuous) I. —— 8 See Amps 
Collector (Peak) — OO Amps 
(50% duty cycle, 25 msec. pulse width) 
Power Dissipation 
Tab at 25°C™ P, —————___—_—_ 10 —_——__—» Watts 
Tab at 70°C ——__——_——_- 6 ——> Watts 
Free Air at 25°C 
With Tab — —_————_ 1.67 —_—— Watts 
Without Tab mm —_ 1.25 ——— Watts 
Free Air at 50°C 
With Tab —$§]!|_ 133 — Watts 
Without Tab —_—___———- | — > Watts 
Thermal Resistance’” 
Junction to Case Ray ———___—__\_—__ 12.5 ———__—__—» °C/W 
Junction to Ambient Rosa 
With Tab ——————__— 15 —— °C/W 
Without Tab ————— 100 ———————> °C/W 
Temperature °’ 
Operating T, +——_—_——-._ —55 to +150 ——> i 
Storage Tsrc +. —55 to +150 ————> 
Lead Soldering, ze 
%\6" + Y32" from case for 10 sec max T. —_ ——— +260 ————> °C 
NOTES: 


The last digit is a part number which designates a voltage grade. Tab and lead forming is specified by a letter after this digit. 


‘) Tab temperature is measured on center of tab, Ne ” from plastic body. 
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electrical characteristics: (25°C) (unless otherwise specified) 


D41K1 D41K3 
D41K2 D41K4 


Forward Current Transfer Ratio” Min. Typ. 

(Ic= —200 mA, Vee = —5V) hey 10K — 

(Ic = -1.5A, Voz = —5V) D41K1,2 a 

(c = —1.0A, Vor = —5V) D41K 3,4 Min. Typ. Max. 
Collector to Emitter Voltage 

(Ic= -10mA) D41K1,3 Vero —30 = = Volts 

D41K2,4 —50 - —_ Volts 

Collector Saturation Voltage” 

(Ic =-1.5A, Ig =—3mA) D41K1,2 — Vizsan = = 1:5 Volts 

(Ic = —1.0A, Ip =—2mA) D41K3,4 “ ~ 1.5 Volts 
Base Saturation Voltage 

(Ic = -1.5A, 1g =—3mA) D41K1,2  Veesan - - 2.5 Volts 

(Ic = -1.0A, Ip =~—2mA) D41K3,4 = = 2.5 Volts 
Collector Cutoff Current 

(Vo. = Rated V,,;, T, = 25°C) Tors - — 0.5 vA 

(Ver = Rated Vers, T, a 150°C) Toso = aad 20 pA 
Emitter Cutoff Current 

(Vis = —13V) Teso - - 0.1 pA 
Collector Capacitance 

(Ves = —10V, f = 1 MHz) Covo a 9 15 pF 
Gain Bandwidth Product 

V..= —5V,I.= —20 mA f — 100 — MHz 
nore! : ) , 


®)Pulsed measurement, 2 msec pulse width, duty cycle = 2%. 


SATURATION VOLTAGE (VOLTS) 


“Ol -.02 -.04 el -2 -4 bas | -2 -4 


I¢ ~ COLLECTOR CURRENT (AMPS) 
i = Te COLLECTOR ‘CURRENT camps) a ° 
Figure 1 Figure 2 
TYPICAL SATURATION VOLTAGE TYPICAL hre vs. lc 


Ceao 
Cpt) 


i. 4 
Figure 3 
TYPICAL Ccgo vs. VOLTAGE 
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Silicon 
Power Tab 


Transistors 


“Color Molded’”’ 


The General Electric D42C is a red, silicone plastic encapsulated, power 
transistor designed for various specific and general purpose applications, 
such as: output and driver stages of amplifiers operating at frequencies 
from DC to greater than 1.0 MHz; series, shunt and switching regulators; 
low and high frequency inverters/converters; and many others. 


FEATURING: 


High free-air power dissipation 

NPN complement to D43C PNP 

Red for NPN, green for PNP 

Very low collector saturation voltage (0.5V typ. @ 3.0A Ic) 
Excellent linearity 

Fast switching 

Hard solder mountdown 


Red 


Leads Can Be Formed To Fit 
TO-66 Outline 


absolute maximum ratings: (25°C) (unless otherwise specified) 


D42c1() D42C4 D42C7 D42C10 
D42C2 D42C5 D42C8 D42C11 
D42c3 D42C6 D42C9 D42C12 
Voltages — 
Collector to Emitter Veono 30 45 60 80 Volts 
Emitter to Base Vezo 5 5 5 5 Volts 
Collector to Emitter Vers 40 55 70 90 Volts 
Current (2) 
Collector (Continuous) Ty < 3 > Amps 
Collector (Peak) « 5 > Amps 
Power Dissipation (2) 
Tab at 25°C Pr - 12.5 ———> Watts 
Tab at 70°C « 8.0 —> Watts 
Free Air at 25°C - 2.1 > Watts 
Free Air at 50°C < 1.7 ———> Watts 
Thermal Resistance (3) R 
Junction to Case orc <= —__-. 10 > °C/W 
Junction to Ambient Roza 
With Tab <—____~——_. 60 2 °C/W 
Without Tab <—___-———_._ 80 = °C/W 
Temperature (3) 
Operating Ty <—__—___—-— — 55 to +150 —__________> of 
Storage Tse <——___—__—— —55 to +150 > C 
Lead Soldering, “46” + %2” from ° 
ease for 10 seconds max. Ti < +260 —s C 
NOTES: 


The last digit is a part number which designates a voltage grade and an hr» level. Tab and lead forming is specified by a letter after this digit. 
® Please refer to the safe region of operation curves for more information. 
Tab temperature is measured on center of tab, 144” from plastic body. 


electrical characteristics: (25°C) (unless otherwise specified) 


D42C3 D42C2 D42Cl 
D42C6 D42C5 D42C4 
D42C9 D42c8 D42C7 
D42C12 042C11 D42C10 
Min. Max. Min. Max. Min. 
Forward Current Transfer Ratio 
(Ven = 1V, Ic = 0.2A) hrs 40 120 100 220 25 
(Ven = 1V, Ic = 2A) hrp 20 —_— 20 — oa 
(Ves = 1V, Ice = 1A) bra _ = = —_— 10 


Electrical Characteristics (Continued) 


100 


Collector to Emitter 
Sustaining Voltage(4) 


(Ic = 100 mA) D42C1, 2, 3 
D42C4, 5, 6 
D42C7,8,9 
D42C10, 11, 12 


Collector Saturation Voltage 
(Ic = 1A, In = 50 mA) D42C2, 3, 5,6, 8,9, 11, 12 
(Ic = 1A, In = 100 mA)D42C1,4,7,10 
Base Saturation Voltage 
(Ic = 1A, Is = 100 mA) 
Collector Cutoff Current 
(Von = Rated Vers, Ts = 25°C) 
Emitter Cutoff Current 
(Ves = 5V, T; = 25°C) 
Collector Capacitance 
(Ves == 10V, f = 1 MHz) 
Gain Bandwidth Product 
(Vczu = 4V, Ic = 20 mA) 
Switching Times 


Rise Time and Delay Time 

(Ic = 1A, In: = 0.1A) 
Storage Time 

(Ic = 1A, In: = Ine = 0,1A) 
Fall Time 

(Ie = 1A, In = Ine = 0.1A) 


NOTE: 


‘Pulsed measurement, 300 usec pulse width, duty cycle =2%, 


80 


+ VeE=2. 


— Vce=! VOLTS 
5 VOLTS” | 


Ty225°C 


60 


MRE 


40 


20 


! 
4 
{ 
+ 
H 


Min. Max. 
20 (STS) = Volts 
ey i — Volts 
60 — Volts 
80 — Volts 
Ver (SAT) ees 0.5 Volt 
Vor (SAT) 7 0.5 Volt 
Vax ar _ 1.3 Volts 
Tous —_ 10 BA 
Izzo — 100 pA 
Cezo = 100 pr 
Typ. 
f, 50 MHz 
ta + tr 100 nsec 
ts 500 nsec 
te 15 nsec 
16 . 
see Voge "VOLT 
T= 150°C T To —— Vg £25 VOLTS 


J 


NORMALIZED Pee 
° 
@ 


Q 
a 


O04 


O2 


Ol 1.0 
Ig - COLLECTOR CURRENT - AMPERES 


TYPICAL hg VS. Ic 


4. 


¢ ol : ol 


I¢ ~ COLLECTOR CURRENT ~ AMPERES 


TYPICAL NORMALIZED hee VS. Ic 
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PL POWER DISSIPATION- WATTS 


SAFE REGION OF OPERATION 


10 — _ 1 
7 FORWARD BIASED OPERATION 
| OUTY CYCLE = 50% | 
PEAK COLLECTOR —'c = 70°C 
4 [CURRENT I+-——— 0 » SEC PULSES _| 
Ay 1002 SEC PULSES 
CURRENT . TM SEC PULSES 
Pail 50 MSEC PULSES _| 
Mt 
e ! meh 
a & rh 
= iT 
= 6 mH 
= l 
z 
go 4p 
ra MAX. DC POWE 
> DISSIPATION 
(x) 
a ——L 
x 2 
e 
oO 
Ww 
a 
ae Ml 
ar OM 
? 08} 
oO 
ei Vogg MAX 
Vegs MAX 
: Vegs MAX: 042C7,8,9 
0 —~ 
Vogs MAX: D42C10,11,12 
ol ale | 
I 2 4 6 810 20 40 60 80 100 
Vog “COLLECTOR TO EMITTER VOLTAGE - VOLTS 
~T T T T T T 
To + 25°C FORWARD BIASED OPERATION 


LIMIT 


MAX. DC CURRENT 


Yoes MAX: D42C10,1!, 12 


‘ces 


MAX: D42C1,2,3 
Voes MAX = 042C4,5,6 
4 


L 


lo 20 


30 40 


80 
Vop COLLECTOR TO EMITTER VOLTAGE-VOLTS 


60 70 100 


MAXIMUM PERMISSIBLE DC 
POWER DISSIPATION 


SATURATION VOLTAGES-VOLTS 


2 
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Ol 
-O1 


I.-COLLECTOR CURRENT-AMPERES 


c 


6 F PEAK COLLECT 


OR CURRENT 


KUN 
NX 


~ FORWARD BIASED OPERATION 
8 SINGLE PULSE T, < 25°C 


CURRENT LIMIT 


2 | L 


i) 
8 
6 |__ MOWER DISSIPATION 
50M SEC PULSE ——-} 
.4 |-— 1M SEC PULSE ——7— 
100 » SEC PULSE — 
102 SEC PULSE 


|: 1 
2 |p SEC PULSE ——4>} 
1 
a] 
08 + 
06 oT 
04 VoEes MAX :D42C1,2,3 
Vogs MAX 4204, 5,6 
02 | —_—++ Vogg MAX:04207,8,9 _ 
Vogg MAX 'D42C10, 11,12 
ol {i | 
( 2 4 6 810 20 40 60 80 100 
Veg" COLLECTOR TO EMITTER VOLTAGE -VOLTS 
7 T= Woe | i \ it oat 
-<--— Ty, = 25°C + i + 
[I] aaa 


02 


.04 .06 080.1 


Lo 410 


I> COLLECTOR CURRENT- AMPERES 


TYPICAL SATURATION VOLTAGE 
CHARACTERISTICS 
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CUTOFF CURRENT - NANO AMPERES 


100 75 50 25 


125 
TEMPERATURE —°C 


TYPICAL Iceo, Ices VS. TEMPERATURE 


os to + 
+ + 
ik 
° oz 0.4 0.6 08 to 12 14 


“e7 BASE~TO-EMITTER VOLTAGE~ VOLTS 


TYPICAL TRANSCONDUCTANCE 
CHARACTERISTICS 


DIMENSIONAL OUTLINES 


Notes: (1) Ali dimensions are 
in inches and are 


reference unless 


r = toleranced. 
| 8 (2) .043-.053 lead 
Lhox - width within 
ik : 0.100 of body. 
| a ue Lead Labels: (1) Base 
| cuauren (2) Collector 
ate & | (Common 
” I with tab) 
F em) a (3) Emitter 
athe Lee (4) Mounting tab 
(Electrically 
common to 
collector) 


Power Tab 


Transistors 
HIGH VOLTAGE 


The General Electric D42R is a red, silicone encapsulated, power transistor designed for various 
specific and general purpose applications such as: 120 V.A.C. line operated amplifiers; series, 
shunt and switching regulators; low thru high frequency inverters, convertors; t-v and other 


display tube deflection; and many others. 


FEATURING: 

Red for NPN 

¢ Very low collector saturation voltage 
¢ Excellent Linearity 

e Fast switching 

¢ POWER-GLAS™ passivated mesa 


e Hard solder mountdown 


Voltages 
Collector to Emitter V CEO 
Collector to Emitter V CES 
Emitter to Base V EBO 
Current 
Collector (Cont.) Te 


Power Dissipation 


Case @ 25°C Py 
Case @ 70°C, VceE = 175 V Py 
Free Air @ 25°C Py 
Thermal 
Operating Temperature Ts 
Storage TstG 
Thermal Resistance 
Junction to Case Rasc 
Junction to Ambient Rosa 
With Tab 
Without Tab 


Silicon 


absolute maximum ratings: (25°C) (untess otherwise specified) 


RED 
Leads Can be Formed To Fit 
10-66 Outline 
D42R1, R3 D42R2, R4 Units 
250 300 Volts 
400 500 Volts 


5 Volts 


sa Armrips 


15S _ Witt 
—_ 96 ————— Watts 


2.1. — > Watts 


<—___——_ §5 tox 150 9 -——-————» °C 


—__ —_—_—- 55 to + 150. ———-——_-—» °C 


electrical characteristics: (25°C) (untess otherwise specified) 


Forward Current Transfer Ratio 
@ Ie = 500 ma, Vce = 10V 
@ Ie = 50 ma, Vce = 10V 
Collector Cut-off Current 
VcEs = Max. Rating 


Collector to Emitter Sustaining Voltage? 


@ Ice = 100 ma 
D42R1, R3 
D42R2, R4 1139 


nrE 
hre 


Ices 


V CEO (SUS) 


Min. Typ. Max. Units 
30 75 — — 
20 65 —_ — 
= = 1.0 ma 
250 _— _ Volts 
300 —_ _— Volts 


ELECTRICAL CHARACTERISTIC (Continued) 


Min. Typ. Max. Units 

Collector to Emitter Saturation Voltage 

@Ia= 500 mA, Ip =50mA D42R1, R2 VcE (SAT) —_ 0.4 1.0 Volts 

@1. = 300mA, Ip = 30mA* D42R3, R4 — 0.4 1.0 Volts 
Base to Emitter Saturation Voltage“) 

@ Ic = 500 ma V BE (SAT) — 0.85 1.2 Volts 

Ig = 50 ma 
Emitter Cutoff Current 

(VEB =5V) lEBo = — 10 uA 
Collector Capacitance 

(Vcp = 1OV, f= 1 mHz) Ccpo — 30 _ pF 
Gain Bandwidth Product 

(Ice = 50 mA, VcE = 20V) fie = 55 — mHz 
Switching Times (See Figures 1 and 2) 

(Voc = 50V Ig = 500mA, Ip, = Igy = 100mA) 

Rise Time and Delay Time ty = 2 ss) ieee 

Storage Time ts = 2.5 4.5 usec 

Fall Time t¢ = 18 3.0 usec 


NOTES: 
1) Pulsed measurement, 300 usec. pulse, Duty cycte S2%. 
2) See Sustaining Voltage Test Circuit. 
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JUNCTION CAPACITANCE —PICOFARADS ——o 
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DIMENSIONAL OUTLINES 


i 400 
Notes: (1) All dimensions are 
! in inches and are 
2 iad 32 
i = reference unless 
P| 4 he ¥ oa | toleranced, 
| 282 385 |-4 (2) .043-.053 lead 
| ine width within 
i 0.100 of body, 
aici aie aL 
| als | O75. ape Lead Labels: (1) Base 
285 | “T~ 065% 48°F (2) Collector 
ft | CHAMEER (Common 
i with tab) 
REF | 060 (3) Emitter 
gap 90 (4) Mounting tab 
408. | (Electrically 
Ue YS common to 
105 Q2 
ie a Ly 088 Io olfel paca collector) 
095 7 9 035 Pal 190 
o23 NOTE 2 —*| — 770 
TYPICAL INSULATING INSULATING KIT 
MOUNTING 
NYLON 
SHOULDER \ 
HEAT SINK WASHER MICA ss | 
[ ] WASHER Co 
i NUT 4-40 MICA WASHER (.003 THICK) 
| SCREW 
fe Pepe 
=F LOCK |4 i 
| || WASHER NYLON SHOULDER 
| WASHER 


THE ABOVE PARTS WILL BE AVAILABLE UPON 
REQUEST AS A SEPARATE KIT AT AN ADDITIONAL 
COST. KIT #138B8189GI1 
NOTE: THE THERMAL RESISTANCE TAB 

TO HEAT SINK WITH THE MICA WASHER 

\S APPROXIMATELY 75°C/W WITHOUT 

ANY THERMAL CONDUCTING COMPOUND 

AND ABOUT 3.75°C/W WITH A THERMAL 

CONDUCTING GREASE. 
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Silicon 
Power Tab 
Transistors 
“Color Molded” 


The General Electric D43C is a green, silicone plastic encapsulated, power 
transistor designed for various specific and general purpose applications, 
such as: output and driver stages of amplifiers operating at frequencies 
from DC to greater than 1.0 MHz; series, shunt and switching regulators ; 
low and high frequency inverters/converters; and many others. 


FEATURING: 


Green 
@ High free-air power dissipation Leads Can Be Formed To Fit 
@ PNP complement to D42C NPN TO-66 Outline 
@ Green for PNP, red for NPN 
@ Very low collector saturation voltage (—0.5V typ. @ —3.0A Ic) 
®@® Excellent linearity 
@ Fast switching 
®@® Hard solder mountdown 
absolute maximum ratings: (25°C) (unless otherwise specified) 
D43C1() D43C4 D43C7 D43C10 
D43C2 D43C5 D43C8 D43C11 
D43C3 D43C6 D43¢C9 D43C12 
Voltages _——— —— 
Collector to Emitter Vero —30 —45 —60 —80 Volts 
Emitter to Base Vso — 5 — 5 ate By — 5 Volts 
Collector to Emitter Vozs —40 —55 —710 _-90 Volts 
Current (2) 
Collector (Continuous) Ic — —- i 3 Amps 
Collector (Peak) CBF —— Amps 
Power Dissipation (2) 
Tab at 25°C Pr <—___———_  125 °° ————____ Watts 
Tab at 70°C ——_—_— 38.00 —————————“™ Watts 
Free Air at 25°C <a —-—' Watts 
Free Air at 50°C TO Watts 
Thermal Resistance () : 
Junction to Case Re,, a) 100 °C/W 
Junction to Ambient Ross 4 
With Tab a ——- ) — —/—O—/_ °C/ WwW 
Without Tab ————— 800 C/W 
Temperature (3) 
Operating T eared eS  ——— rrr i 6 
Storage Tsre «<—__--__—___ — 55 to +150 Cc 
Lead Soldering, “4s” + %2” from 7 
case for 10 seconds max. Ti +260 —________________» Cc 


NOTES: 


©The last digit is a part number which designates a voltage grade and an hrr level. Tab and lead forming is specified by a letter after this digit. 


®@) Please refer to the safe region of operation curves for more information. 
Tab temperature is measured on center of tab, 144” from plastic body. 


electrical characteristics: (25°C) (unless otherwise specified) 


D43C3 
D43C6 
D43C9 
D43C12 
Min. Max. 
Forward Current Transfer Ratio 
(Ves = —1V, Ic = —0.2A) hre 40 120 
(Ven = -—-1V, Ic = —2A) hrn 20 ae 
(Ven = —1V, Ic = —1A) hre = 
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D43C2 D43C1 
D43¢C5 D43C4 
D43¢8 043C7 
D43C11 D43C10 
Min. Max. Min. 
40 120 25 
20 7 10 


Electrical Characteristics (Continued) 


Collector to Emitter 


Sustaining Voltagel‘! Min. Max. 
(Ic = —100 mA) D43C1, 2,3 Veroues —30 — Volts 
D43C4, 5, 6 —45 — Volts 
D43C7, 8,9 —60 -— Volts 
D43C10, 11, 12 _ 80 _ Volts 
Collector Saturation Voltage 
(Ic = —1A, In = —50 mA) D43C2,3,5,6,8,9,11,12 Venwam — —0.5 Volt 
(Ic = —1A, In = —100 mA) D43C1, 4, 7, 10 Ver wat _— —0.5 Volt 
Base Saturation Voltage 
(Ic = —1A, In = —100 mA) Vue (saT) —_— =153 Volts 
Collector Cutoff Current 
(Vor = Rated Ves, Ti; = 25°C) Tous —= ~10 pA 
Emitter Cutoff Current 
(Ves = —5V, Ts = 25°C) Izzo — —100 BA 
Collector Capacitance 
(Ves = 10V, f = 1 MHz) Ceso — 125 pF 
Gain Bandwidth Product Typ. 
(Von = —4V, Ic = —20 mA) fr 40 MHz 
Switching Times 
Rise Time and Delay Time 
(Ic = ~1A, In: = —0.1A) ta + tr 50 nsec 
Storage Time 
(Ie = —1A, In = Ine = —0.1A) ts 500 nsec 
Fall Time 
(Ic = —1A, In: = Ine = —0.1A) te 50 nsec 


NOTE: 


“Pulsed measurement, 300 usec pulse width, duty cycle S2%. 
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P,~POWER DISSIPATION - WATTS 
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CHARACTERISTICS 
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Silicon 
Power Pac 


Transistors 


“Color Molded’ 


The General Electric D44C is a red, silicone plastic encapsulated, power 
transistor designed for various specific and general purpose applications, 
such as: output and driver stages of amplifiers operating at frequencies 
from DC to greater than 1.0 MHz; series, shunt and switching regulators; 
low and high frequency inverters/converters ; and many others. 


FEATURING: Yy 
NPN complement to D45C PNP B 


e 
@ Red for NPN, green for PNP c. 
® Very low collector saturation voltage (0.5V typ. @ 3.0A Ic) 
@ Excellent linearity Red 

® Fast switching 

@ Round leads JEDEC TO-220AB 
e 


Hard solder mountdown 


absolute maximum ratings: (25°C) (unless otherwise specified ) 


D44Cl D44C4 D44c7 D44C10 
D44c2 044C5 D44C8 D44C11 
D44¢C3 D44C6 D44cC9 D44C12 
Voltages = 
Collector to Emitter Vero 30 45 60 80 Volts 
Emitter to Base Vexo 5 5 5 5 Volts 
Collector to Emitter Vexs 40 55 70 90 Volts 
Current (1) 
Collector (Continuous) Ic ————___——- 4. —————_____ Amps 
Collector (Peak) ——_—_—_—— 46o-— Amps 
Power Dissipation (1) 
Case at 25°C Pr eo 30 ————_——_— Watts 
Case at 70°C —_—_ —— 19 —————__—__—_— Watts 
Free Air at 25°C —————_——. 167 ————_———-— Watts 
Free Air at 50°C ——_—— 133 ——“—“—— Watts 
Thermal Resistance (2) 
Junction to Case Resc i ——_—_—- 4.2 —_—_—_—_______—_——"—-"—— °C/W 
Junction to Ambient Rosa ——_| —-—- 6 °C/W 
Temperature (2) 
Operating Ts <<. — 55 to +150 °C 
Storage Tsra ——————__ — 55 to +150 ———_—__——__-___> °C 
Lead Soldering, 46” + 4%” from 
case for 10 seconds max. TL <— +260 mm > °C 


Notes: 


(1) Refer to the Safe Region of Operation curve for further information. 
(2) Case temperature reference point is indicated on the Dimensional Outline Drawing. 


electrical characteristics: (25°C) (unless otherwise specified) 


D44C3 D44C2 D44C1 
D44C6 D44¢C5 D44C4 
D44C9 D44c8 D44C7 
D44C12 D44Cl11 D44C10 
Min. Max. Min. Max. Min. 
Forward Current Transfer Ratio 
(Vex = 1V, Ic = 0.2A) her 40 120 100 220 25 
(Vex = 1V, Ic = 2A) hrs 20 aes 20 =e a 
(Vee =1V, Ic = 1A) hrs = = — 10 


Electrical Characteristics (Continued) 


Collector to Emitter Min. Max. 
Sustaining Voltage (3) 
(Ic = 100 mA) D44c1, 2, 3 Vego-sus) 30 — Volts 
D44C4, 5, 6 45 — Volts 
D44C7, 8,9 60 — Volts 
D44C10, 11, 12 80 _ Volts 


Collector Saturation Voltage?) 


(Ic = 1A, Is = 50 mA) D45C2, 3, 5, 6,8, 9, 11, 12 Ver wan —_— 0.5 Volt 
(Ic = 1A, Is = 100 mA)D45C1, 4, 7, 10 0.5 Volt 


Base Saturation Voltage “) 


Ver (8aT) 


(Ic = 1A, In = 100 mA) Veen — 1.3 Volts 
Collector Cutoff Current 
(Vee = Rated Ves, T= 25°C) Ices _— 10 pA 
Emitter Cutoff Current 
(Vues = 5V, T; = 25°C) Tezo — 100 pA 
Collector Capacitance | 
(Vcs = 10V, f = 1 MHz) Ccso —_ 100 pr 


Typ. 
Gain Bandwidth Product 
(Ven = 4V, Ic = 20 mA) f, 50 MHz 
Switching Times 
Rise Time and Delay Time 


(Ic = 1A, Ini = 0.1A) ta+t, 100 nsec 
Storage Time 

(Ic = 1A, In: = Ips = 0.1A) ts 500 nsec 
Fall Time 

(Ic — 1A, Ta. = Tne = 0.1A) tr 15 nsec 


Note: 
(8) Pulsed measurement, 300 usec pulse, duty cycle =2%,. 


SS SM NY EE GS Cs me SD cent Sue seas Geer nD HEN utes es ere er meme 


10 
7 
6 lm SECPULSES 4 
10 2 SEC PULSES 
100,2 SEC PULSES | 
10002 SEC PULSES 
; 32 saa a Om a 
MAX. DC POWER o m o | a = 
DISSIPATION AT f 28 a as 1 eS aS 
1/70°%¢ case & s < | a ° 
a = 3 nA o rs) 
a E24 : 1g+—+— ? : 
2 Tv 
$ cz S 2 2 | ° e 
< ra : : , 7 
D .. 4 20 = Ea 2 x 
5 4 = = 3 q = = 
@ 2 16 of w a 
a — w Ww w 
3 a s) oO LY 
2 2 a > | > > 
C3 : w 12 i] 
5 FORWARD BIASED OPERATION F 
iy DUTY CYCLE £50% a 
4 ape Te = 70% eae 
8 .08 -—~ + en in a 
on ] Bi 4 
cal .06 ++ 
04 alé : 
: - 3 ie] 10 20 30 40 50 60 70 80 90 
tie 
vis 
ao fa ~ - 
02 { z % Voge COLLECTOR TO EMITTER VOLTAGE-VOLTS 
z= i= 
arn 
2 BEE MAXIMUM PERMISSIBLE DC 
ae 2 4 6 B10 20 40 60 @0 100 POWER DISSIPATION 


Vog "COLLECTOR TO EMITTER VOLTAGE - VOLTS 
SAFE REGION OF OPERATION 


1148 


T T 
— Vee * Hour 
eA = Ve t25 outs F 


! t 5 
D4462,3,5,6,8,9,11, 
too S 5 fickasae 


— Voces! VOLTS 
T —— VcE* 2.5 VOLTS 


t 
044C2,5,5,6,8,9,1I, I2 


NORMALIZED bee 


ue 
Ol 02 04 .06 .08 O1 10 10 
Ig - COLLECTOR CURRENT - AMPERES 


aI 
ol 02 0% 8 .08 01 40 10 


TYPICAL Hee vs. Ic , : I¢~ COLLECTOR CURRENT - AMPERES 


TYPICAL NORMALIZED hee VS. Ic 


to T T T c 
“150° 
| Ty “150 *¢ | 
/—- ——— T, = 28°C + 
+ - 


SATURATION VOLTAGES-VOLTS 


Vee -BASE EMITTER VOLTAGE - VOLTS 


° J 
Ol 02 04 06.06 0.1 Lo 10 .O1 -02 04 06 08 QO! Lo 10 100 


Te- COLLECTOR CURRENT~- AMPERES T,-BASE CURRENT-mA 


TYPICAL SATURATION VOLTAGE TYPICAL INPUT CHARACTERISTICS 
CHARACTERISTICS 


1149 


io 
a 
$ 
bed 
o 
‘ 
‘ 
a 
2 
4 HH 
7 ie 
2 rH aa JUNCTION TO CASE Hy 
£ + t 
= | 
z + : t+} 
z pe Rerets eee ce hel . 4 
Ww } 
x H al ee 
= i 
5 = a 4 aa 
é es 
3 Yer? TOV 
3 c CE i+ 
5 \ [ | Ig = 500 mal 
ttt - 4 1 | 
A } | | iit UE 
to-5 1074 to5 1072 to-! 1 10 102 10 


TIME - SECONDS 
MAXIMUM TRANSIENT THERMAL IMPEDANCE 


= IVOLT 


* 25 VOLTS 1OPoo, 


CES AT CLASSIFICATION VOLTAGE 


AT CLASSIFICATION VOLTAGE 


. 


re) 
9 
OS 


| Eee 
removed TTT TTT TT 


100 


fs) 


CUTOFF CURRENT—NANO AMPERES 


Ig - COLLECTOR CURRENT- AMPERES 


125 100 75 50 25 


TEMPERATURE — °C 
TYPICAL IcEo, Ices VS. TEMPERATURE 


‘be BASE-TO-EMITTER VOLTAGE-VOLTS 


TYPICAL TRANSCONDUCTANCE 
CHARACTERISTICS 


Metric MM 


DIMENSIONAL OUTLINES 


EZ 
ee 
Qy 


|. MOUNTING TAS 
(ELECTRICALLY COMMON 
TO COLLECTOR } 


1150 


Silicon Power Pac 


Monolithic Transistor 
Very High Gain Darlington Amplifier 


“Color Molded” 


Cc 
B TYPICAL APPLICATIONS: 

Driver Switch 
Regulator Audio Output 
Capacitor Multiplier Relay Substitute 

E f . ; 

4 aos Solenoid Driver Oscillator JEDEC TO-220 AB 
Equiv. Circuit Inverter Power Supply Servo-Amplifier 


absolute maximum ratings: (25°C) (unless otherwise specified) 


D44E1 D44E2 D44E3 


Voltages Symbol Units 
Collector to Emitter VcEo 40 60 80 Volts 
Emitter to Base VERO 7 L 7 Volts 
Collector to Emitter VcEs 40 60 80 Volts 

Current) 

Collector (Continuous) Ic —__—_—— 10  ———> Amps 
Collector (Peak) 

(50% duty cycle, 25 msec. pulse width) —_———— 20 —- Amps 
Base (Continuous) I, —_<—<—<—-. | —-—~ Amps 


Power Dissipation “) 
Case at 25°C Py am — 50 — Watts 
Free Air at 25°C ——_———_ _ 1.67 —_~ Watts 


Thermal Resistance ) 


Junction to Case Raic See °C/W 

Junction to Ambient Roja ——_ 5 —,- °C/W 
Temperature(2) 

Operating T; —w—_ -55to+150 ——> &¢ 

Storage TstcG = -55 to +150 —————> °C 

Lead Soldering, 1/16” + 1/32” 

from case for 10 seconds max. Ty —_—— +260 —————~ °C 

NOTES: 


(1) Refer to the Safe Region of Operation curve for further information. 
(2) Case temperature reference point is indicated on the Dimensional Outline Drawing. 
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electrical characteristics: (25°C) (unless otherwise specified) 


D44E1 
D44E2 
D44E3 
Forward Current Transfer Ratio @) Min. 
(Ie = 5A, Vez = 5V) her 1000 
Min. Typ. Max. 
Collector to Emitter Voltage 
D44E2 60 _ - Volts 
D44E3 80 = - Volts 
Collector Saturation Voltage (4) 
(Ic = 5.0A, Ip = 10mA) VcE(SAT) — — 1.5 Volts 
(Ic = 10.0A, Ip = 20mA) VcE(SAT) _ — 2.0 Volts 
Base Saturation Voltage (3) 
Collector Cutoff Current 
Emitter Cutoff Current 
(Vpp = 7V) Ippo - - 1.0 vA 
Collector Capacitance 
(Vop = 10V, f= 1 MHz) CcBo - = 130 pF 
Switching Times 
Delay Time and Rise Time 
(ic = 10A, Ip, = 20mA) ty tt, _ 0.6 - us 
Storage Time 
Uc = 10A, Ip, =Ig2 = 20mA) t, ~ 2.0 = us 
Fall Time 


NOTE: (3) Pulsed measurement, 2m sec pulse width, duty cycle S 2%. 
(4) Pulsed measurement, 300 sec pulse width, duty cycle $ 2%. 
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Silicon 
Power Pac 
Transistors 


“Color Molded” 


The General Electric D44H is a red, silicone plastic encapsulated, power 
transistor designed for various specific and general purpose applications, 
such as: output and driver stages of amplifiers operating at frequencies 
from DC to greater than 1.0 MHz; series, shunt and switching regulators; 


low and high frequency inverters/converters; and many others. B Red 
Cc 
FEATURING: E 
@ NPN complement to D45H PNP @ Fast switching JEDEC TO-220AB 
@ Red for NPN, green for PNP @ Round leads 
@ Very low collector saturation voltage (0.24 V typ.@5.0 Alc) © Hard solder mount down 
@ Excellent linearity Satie e 
o60 '6o | / 
absolute maximum ratin QS: (25°C unless otherwise specified) pe enneNT ~ tate et 
D44H1 D44H4 D44H7 D44H10 ZE Heese 
D44H2 D44H5 D44H8 D44H11 Ss 
Voltages : 
Collector to Emitter VcEo 30 45 60 80 Volts 4 t 
Emitter to Base VeBo S 5 : vole zien ay 
Current (1) @ MOUNTING TAB 
Collector (Continuous) Ic —_————— 10 ————_ Amps Sorcancecon 
Collector (Peak) <—————— 20 ———__ Amps 
Power Dissipation(?) UL oss 
Case at 25°C Py ——_________—_ 50. —____—__>_ Watts of 
Case at 70°C <<. 322. —____—». Watts 
Free Air at 25°C — — 1.67 —————>._ Watts Outline Drawing 
Free Air at 50°C 133. Watts 
Thermal Resistance (2) 
Junction to Case R@uc ——_— 25 ———————_ T/W 
Junction to Ambient Réya SSS ee Ww 
Temperature(2) 
Operating Ty ———. _ —55 to +150 ——_——> © 
Storage TstG ———__ -55 to +150 ————_ 


Lead Soldering, 1/16” + 1/32” 
from case for 10 seconds 
max. TL —_——_ _ +260 —————>_ © 


NOTES: 
(1) Refer to the Safe Region of Operation curve for further information. 
(2) Case temperature reference point is indicated on the Dimensional Outline Drawing. 


electrical characteristics: (25°C unless otherwise specified) 


Min Max 
Forward Current Transfer Ratio 
(Vee =1V,I¢=2A) D44H1, 4, 7, 10 hee 35 = 
D44H2, 5, 8, 11 hee 60 - 
(Vee =1V,1¢=4A) D44H1, 4, 7, 10 hee 20 = 
D44H2, 5, 8, 11 hee 40 7 
Collector to Emitter 
Sustaining Voltage‘3) 
(Il¢=100mA) D44H1, 2 Vceo(Sus) 30 - Volts 
D44H4, 5 45 - Volts 
D44H7, 8 60 - Volts 
D44H 10, it 80 _ Volts 
Collector Saturation Voltage (3) 
(Ic = 8A, [1g =0.4A) D44H2, 5,8, 11 Voe(SAT) — 1.0 Volt 
(Ic =8A,Ig=0.8A) D44H1, 4, 7, 10 VceE(SAT) - 1.0 Volt 
Base Saturation Voltage (3) 
(Ic = 8A, Ig = 0.8A) Vee(SAT) - 1.5 Volts 
On-Voltage 
(Ig = 10 mA, Vce = 2V) VBE(on) 0.52 0.62 Volts 
Collector Cutoff Current 
(VcE = Rated VceEo, Ty a 25°C) IcBo as 10 HA 


Emitter Cutoff Current 
(Veg = SV, Ty = 25°) Iepo 1155 = 100 HA 


Collector Capacitance Typ. 

(Veg = 10V, f= 1 MHz) Ccso - 130 = pF 
Gain Bandwidth Product 

(Vee = 10V, I¢ = 500 mA) f, = 50 = MHz 


Switching Times 
Rise Time and Delay Time 


(ic = SA, Ig7 = 0.5A) tat t, 300 nsec 
Storage Time 
(Ic = 5A, Ipi = Ip2 = 0.SA) ts 500 nsec 
Fall Time 
(Ig = 5A, 1p7 = Igo = 0.5A) te 140 nsec 
NOTE: 


(3) Pulsed measurement, 300 psec pulse, duty cycle < 2%. 
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Silicon 
Power Pac 
Transistors 
HIGH VOLTAGE 


The General Electric D44Q is a red, silicone encapsulated, power transistor 
designed for various specific and general purpose applications such as: 
120 V.A.C. line operated amplifiers; series, shunt and switching regulators; 
low thru high frequency inverters/convertors; t-v and other display tube 
deflection; and many others. 


FEATURING: 
@ Red for NPN @ Fast switching B 
@ Very low collector stauration voltage @ Round leads c 
@ Excellent linearity @ Glass passivated mesa construction E . 
° Compatible with JEDEC 
absolute maximum ratings: (25°C) (unless otherwise specified) TO—66 mounting registration 
Voltages D44a1 D44Q3 04405 
Collector to Emitter VcEO 125 175 225 Volts 
Emitter to Base VeBo 7 7 7 Volts 
Collector to Base Vcso 200 250 300 Volts 
Current 
Collector (Continuous) Ic SC AO OO Amps 
Power Dissipation!) 
Tab at 25°C Pr 31 oo Watts 
Tab at 70°C _—— )«s—20.10 Watts 
Free Air at 25°C _——_—_——_ 1.67 —_______* Watts 
Free Air at 50°C 1.233 > Watts 
Thermal Resistance 
Junction to Case R6sc 410 °C/W 
Junction to Ambient R@sA 5 oc/w 
Temperature(2) 
Operating Ty a —_—_. -55 to +150 ——_—_____—_» °C 
Storage TstcG a. - 55 to +150 ——__—__» oC 
Lead Soldering, 1/16” £ 1/32” TL mM  —— +260 —______-"-> °C 
From Case for 10 sec. max, 
Notes: (1) Refer to the safe region of operation curve for further information. 
(2) Case temperature reference point is indicated on the dimensional outline drawing. 
‘ fear er ° 
electrical characteristics: (25°C) (uniess otherwise specified) 
Forward Current Transfer Ratio MIN. TYP. MAX. UNITS 
@ Ig = 2.0A, Vee = 10V hee 20 = oe =. 
@ Ig = 200 MA, Vcg = 10V here 30 80 - - 
Collector to Emitter Voltage VcEo 
(l¢ = 10 MA) 
D44Q1 125 - - Volts 
D44Q3 175 - - Volts 
D44Q5 225 - - Volts 
Collector Cutoff Current!1) IcBo 
(Rated Vego) ass = 10 BA 
Collector Saturation Voltage!1) VcE(SAT) 
(Ig = 2A, Ig = 200MA) - - 1 Volts 
Base Saturation Voltage (1) VBE(SAT) 
(Ig = 2A, Ig = 200MA) - - 1.3 Volts 
Gain Bandwidth Product fr 
(Ig = 100 MA, Vee = 10V) - 50 - MHZ 
Storage Time ts 
(Voc = 50V IG =10A,1g = Igo = 100mA) - 1.3 2 Ms 
: . t 
Rise Time ¥ 
_ 12 2 us 
Fall Time ty 
= 6 1.7 Ms 
Collector Capacitance Cceo 
(Vg = 10V, 1 MHz) S 40 = pf 


Note: (1) Pulsed Measurement, 30Opisec. Pulse, Duty Cycle S 2%. 
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Silicon 
Power Pac 


Transistors 
HIGH VOLTAGE 


The General Electric D44R is a red, silicone encapsulated, power transistor designed for 
various specific and general purpose applications such as: 120 V.A.C. line operated 
amplifiers; series, shunt and switching regulators; low thru high frequency inverters/ 
converters; t-v and other display tube deflection; and many others. 


FEATURING: 
e@ Red for NPN @ Round leads B 
@ Very low collector saturation voltage @ POWER-GLAS passivated mesa C. 
e Excellent linearity @ Hard solder mountdown Compatible with JEDEC 
e@ Fast switching TO-220 AB mounting registration 
absolute maximum ratings: 
: ie D44R1 D44R3 
(25°C unless otherwise specified) D44R2 044R4 
D44R5 D44R6 
Voltages Darke "  D44RB Units 
Collector to Emitter Vceo 250 300 Volts 
Emitter to Base Voces 400 500 Volts 
EBO ——— 5 —EEEEEE—————EE Volts 
Current 
Collector (Cont.) Ic ; 1.0 » Amp. 
Power Dissipation(‘1) 
Tab at 25°C P+ _—— _ 31.25 «Watts 
Tab at 70°C ‘ 20.0 , Watts 
Free Air at 25°C —_—____ 1.67 —_™*"»e:s Weattts 
Free Air at 50°C —— 133). ____,,. Watts 
Thermal Resistance / 
Junction to Case Ric 4.0 °C/W 
Junction to Ambient Rosa 75 , c/w 
Temperature (2) 
Operating Ty ——55 to +150 ———_—$__ + °C 
Storage Tstc —-_55 to +150 ——————————————_ *C 
Lead Soldering, 1/16” + 1/32” 
from case for 10 seconds max. TL —— _ +260 __________, 
NOTES: 
(1) Refer to the Safe Region of Operation curve for further information, 
(2) Case temperature reference point is indicated on the Dimensional Outline Drawing. 
electrical characteristics: (25°C unless otherwise specified) 
Forward Current Transfer Ratio Min. Typ. Max. Units 
@ Ic = 500 ma, Vee =10V hee 
D44R1, 3 30 75 90 
D44R2, 4 75 - 175 
D44RS5, 6 30 = ol 
D44R7, 8 150 300 
@\¢ = 50 ma, Vce = 10V hee 
D44R1,3,5,6 20 65 _ 
D44R2, 4 40 - — 
D44R7, 8 60 = 
Collector to Emitter Sustaining Voitage(2) 
@ Ig = 100 ma Vceo(sus) 
D44R1,2,5,7 250 _ — Volts 
D44R3, 4, 6,8 300 = - Volts 
Collector to Emitter Saturation Voltage!) 
@1,=300mA pt 5 & 6 Vee (sat) ai 0.4 1.0 Volts 
I, = 30mA 
I. = 500mA 


i = 5O0mA Pt. 1,2,3,4,7,8 VeEIsAT) 1159 = 0.4 1.0 Volts 


D44R Electrical Characteristics (Continued) Min. Typ. Max. Units 


Base to Emitter Saturation Voltage! 1) 


@ Ic = 500 ma Vee(saT) = = 1.2 Volts 
Ig = 50 ma 
Collector Cut-off Current!1) 
Veces = Max. Rating Ices = re 1.0 ma 
Emitter Cut-off Current 
(Veg = SV, Ty = 25°C) lego — — 10 HA 
Collector Capacitance _ 
(Veg = 10V, f= 1MHz) Ccgo _ 30 ~ pF 
Gain Bandwidth Product 
(Vce = 10V, Ie = 100 mA) f, 20 40 — MHz 
Switching Times 
Rise Time 2 5 
(Voc = 50V, I, = 500mA, I,, = 1,5 = 100mA) t, - msec 
Storage Time 2.5 4.5 
(Voc = SOV, I, = 500mA, Iz, =1g5 = 100mA) ts ad psec 
Fall Time 
(Veo = 50V, Ig = 500mA, Ig, = Igy = 100mA) " a 20 usec 
NOTES: 


(1) Pulsed measurement, 300 psec. pulse, Duty cycle = 2%. 


1.0 ATT I TI 
\.-] FORWARD BIASEO OPERATION 
Fi iASEO OPERATIO NS 
3 To =25°C ‘ORWARO BIASED O N as a ¢ 
30 Te = 40°C N 
28 
2 26 2 
— [ic 558 rg 
= = = 
wor 3 | 4 tmSEC PULSES 
2 SL Tc 270°C re © - 100 w SEC PU 
ae BE ] G él] z cei 
— * rap ina 
g '8}—S} = a s = 104 SEC PULSES 
2 Gf To =85°C 2 ol 
oie ¢ ¢ | 
Ps 8 s as § EC PULSES 
woah se ° & 3 
Ee xf Te =100°C : : rd 
4 x x ~~ od [-—— i ot Pe 4 
, 2r% < ——— | 2 
= = 
Ke oo 
a 10 — a a D 
3 8 2 
8 > > 
6 mac | 
4 cle ft J 1 | 
: | VegoMAX: 044RI, 2,5,7 
5 Veg oMAX: 044R3, 4,6,8 
50 100 150 200 250 300 oA ee CEO! D 
Veg -COLLECTOR TO EMITTER VOLTAGE - VOLTS 015 30 50 100 300 500 


Vog COLLECTOR EMITTER VOLTAGE- VOLTS 
MAXIMUM PERMISSIBLE 
DC POWER DISSIPATION SAFE REGION 
OF OPERATION 


oe eee Seo} 
att troy 
f— [JUNCTION TO AMBIENT 
- 
g i mm meen 
i + uf 
2 
f 
w 10 sasee t 8 
Zz ER tt 
a 
a aa 
2 cH 
= JUNCTION To case | J] 
Fy if Hi 
Fa 
ud 1 
x= 
z + = 
5 t Ht ty 
a 4. 
a mn Voge <50V i] H 
4 Hill Ic = 40ma 
FE il {tat 
4 ill 1 il L LLU 
°3 Jo"! { 10 102 io3 


TIME - SECONDS 


MAXIMUM TRANSIENT THERMAL IMPEDANCE 
1160 


JUNCTION CAPACITANCE —PICOFARADS ——> 


100.0- 
Ss 
t * feiMHz 
HHH co 
1 HL 
= t | { Lt a) +4 
i 
10.0- : LU 


10.0 100 1000.0 
COLLECTOR-TO-BASE — VOLTS ——-——* 


COLLECTOR-TO-BASE JUNCTION 


CAPACITANCE VS. REVERSE BIAS VOLTAGE 


SATURATION VOLTAGES - VOLTS 


° 


° 
ao 


01 02 05 0.1 0.2 0.5 1.0 2.0 


Ig - COLLECTOR CURRENT-AMPERES 


TYPICAL SATURATION VOLTAGE CHARACTERISTICS 


TYPICAL hee VS. Ic 


T T 


100 ™—1 T iit 
Vee «tov = os = 
cs oe . 
Cty 25°C 7 a = 
= SS 
; ae n ! ae: Sa 
Hl ples, + 
| | 
i : i | { rf 
tf + t + ft pe nen GES 
i | 
1 i 
l re] | 
wi0) ml Lil 4 | ee | H 
© t 3 = pa t + f 
| [ 
| 
il ia | 
| | pitt Lt HY 
| mae ILL 
- - T u 
1 io \ { 
ikea 
\ i 4 
10° 10! 10? 10% 


Tc- COLLECTOR CURRENT - MILLIAMPERES 


1161 


w.0 
8 
N19 
Fi 
= 
g 
J “ (0 Lerner (aM OY Bek Bey Ea BOE 
10° 10! to? 10° 
Ig- COLLECTOR CURRENT—MiLLIAMPERES 
TYPICAL NORMALIZED hee VS. lc 
| Dec. In. =| SSC Metric MMs 
10.67 
[B10 [120 | 2.79] 3.05 2 
r—c_| 240] 260 | 6.10 | 6.61 
=D. aes. | 355. | Rae 902 << 
See ee a ee <s 
[Fr | 095 | 40s _| 8.41] 2.67] SK, 
Ts .0as_ | 415 | 216 | 2.92 | 4 MOUNTING TAB 
Lf eo | 190 [aoe] aes 
a ae eT ee ee 


POWER PAC POWER TRANSISTOR 
DIMENSIONAL OUTLINES 


1162 


Silicon 
Power Pac 


Transistors 


“Color Molded’ 


The General Electric D45C is a green, silicone plastic encapsulated, power 
transistor designed for various specific and general purpose applications, 
such as: output and driver stages of amplifiers operating at frequencies 
from DC to greater than 1.0 MHz; series, shunt and switching regulators; 
low and high frequency inverters/converters; and many others. 


FEATURING: 


PNP complement to D44C NPN 

Green for PNP, red for NPN 

Very low collector saturation voltage (—0.5V typ. @ —3.0A Ic) 
Excellent linearity 

Fast switching 

Round leads 

Hard solder mountdown 


absolute maximum ratings: (25°C) (unless otherwise specified) 


Green 
JEDEC TO-220 AB 


D45C1 D45C4 D45C7 D45C10 
D45C2 D45C5 D45c8 D45C11 
D45C3 D45C6 D45C9 D45C12 
Voltages 
Collector to Emitter Vero —30 —45 —60 —80 Volts 
Emitter to Base Vso — 5 — 5 — 5 — 5 Volts 
Collector to Emitter Vers _40 _BB —170 _90 Volts 
Current(') 
Collector (Continuous) Ic ——___--___—_ --4 ats Amps 
Collector (Peak) é 6 ny Amps 
Power Dissipation (') 
Tab at 25°C Pr —_—_—_____——.. 80 4 Watts 
Tab at 70°C 7 ee ee ae ay bs) > Watts 
Free Air at 25°C gee ee ST Se Watts 
Free Air at 50°C ee OGG te Be Watts 
Thermal Resistance (2) 
Junction to Case Rosc oy AD eee ee ER °C/W 
Junction to Ambient Rosa : 15 °C/W 
Temperature (?) 
Operating T; ——~————_. —55 to +150 ———————__—> °C 
Storage Tsra <——____-_—__ — 55 to +150 ~ °C 
Lead Soldering, 45” + Yo” from 5 
case for 10 seconds max. TL ——_—— +260 ———-________> Cc 
Notes: | 
{1) Refer to the Safe Region of Operation curve for further information. 
(2) Case temperature reference point is indicated on the Dimensional Outline Drawing. 
electrical characteristics: (25°C) (unless otherwise specified) 
D45C3 D45C2 D45Cl 
D45C6 D45C5 D45C4 
D45Cc9 D45C8 D45C7 
D45C12 D45C11 D45C10 
Min. Max. Min Max. Min. 
Forward Current Transfer Ratio 
(Vee = —1V, Ic = —0.2A) hre 40 120 40 120 25 
(Vce = —I1V, Te = —2A) here 20 ra —_ =a oe 
(Vce = —1V, Ic = —1A) hrz —_ —_ 20 — 10 


Electrical Characteristics (Continued) 


Collector to Emitter Min. Max. 
Sustaining Voltage?) 
(Ic = —100 mA) D45C1, 2,3 —30 — Volts 
D45C4, 5, 6 Vek —45 _ Volts 
D45C7, 8,9 : —60 — Volts 
D45C10, 11, 12 —80 a Volts 
Collector Saturation Voltage” 
(Ic = —1A, In = —50 mA) D45C2, 3, 5, 6,8, 9, 11, 12 Ver iwanm — —0.5 Volt 
(Ic = —1A, Is = —100 mA) D45C1, 4, 7, 10 Veer wat — —0.5 Volt 
Base Saturation Voltage - 
(Ic = —1A, In = —100 mA) Ver «wan — —13 Volts 
Collector Cutoff Current 
(Ver = Rated Ves, T; = 25°C) Ices _— —10 pA 
Emitter Cutoff Current 
(Ves = —5V, Ts = 25°C) Trso — —100 oA 
Collector Capacitance 
(Voce = 10V, f= 1 MHz) Ccso —_ 125 pF 
Typ. 


Gain Bandwidth Product 

(Voz = —AV, Ic = —20 mA) f, 40 MHz 
Switching Times 

Rise Time and Delay Time 


(Ie = —1A, In: = —0.1A) ta+t, 50 nsec 
Storage Time 

(Ic = —1A, Ini = Ine = —0,1A) ts 500 nsec 
Fall Time 

(Ic = —1A, Ini = Ine = —0.1A) te 50 nsec 


Note: 
(8) Pulsed measurement, 300 usec pulse, duty cycle =2%. 
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Silicon Power Pac 


Monolithic Transistor 
Very High Gain Darlington Amplifier 


“Color Molded” 


COMPLEMENT TO D44E 


Cc 
B TYPICAL APPLICATIONS: 
Driver Switch Green 
Regulator Audio Output 5. 
E Capacitor Multiplier Relay Substitute E 
rey eaters Solenoid Driver Oscillator JEDEC TO-220 AB 
Equiv. Circuit Inverter Power Supply Servo-Amplifier 


absolute maximum ratings: (25°C) (unless otherwise specified) 


D45E1 D45E2 D45E3 


Voltages Symbol Units 
Collector to Emitter VcEo -40 -60 -80 Volts 
Emitter to Base VeRO -7 -7 -7 Volts 
Collector to Emitter VcEs -40 -60 -80 Volts 

Current) 

Collector (Continuous) Ic —m —_—+10 --~> Amps 
Collector (Peak) 

(50% duty cycle, 25 msec. pulse width) —_—m — 20 —--, Amps 
Base (Continuous) I, —_—_—_———-1 — Amps 


Power Dissipation “) 
Tab at 25°C Py mm —— 50 — Watts 
Free Air at 25°C <—_—_———_ 1.67 ————_> Watts 


Thermal Resistance 2) 


Junction to Case Rgyc —_—_—_—_-_-2.5 — °C/W 

Junction to Ambient Rosa ———_—_ 5 ——~ °C/W 
Temperature‘) 

Operating T; ~«— -5S5 to +150 ——> °C 

Storage Totc =wz—_ -55 to +150 ———> °C 

Lead Soldering, 1/16” + 1/32” 

from case for 10 seconds max. Ty —__—_ +260 —_~ °C 

NOTES: 


(1) Refer to the Safe Region of Operation curve for further information, 
(2) Case temperature reference point is indicated on the Dimensional Outline Drawing, 
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electrical characteristics: (25°C) (unless otherwise specified) 


D45E1 
D45E2 
D45E3 
Forward Current Transfer Ratio Min. Typ. 
(ic = 5A, Vor = 5V) hpp 1000 
Min. Typ. Max. 
Collector to Emitter Voltage 
(Ic = 100 mA)D45E1 VcKo -40 - — Volts 
D45E2 -60 _ _ Volts 
D45E3 -80 - — Volts 
Collector Saturation Voltage (4) 
(Ic = -5.0A, Ip = -10mA) VcEGAT) _ _ «1.5 Volts 
(Ic = -10.0A, Ip = -20mA) VcRs AT) _ _ -2.0 Volts 
Base Saturation Voltage (3) 
(Ic = -5.0A, Ip =-10mA VBEGAT) a _ -2.5 Volts 
eoliscior! Cutoff Current 
Emitter Cutoff Current 
(Ven =-7V) leBo — — -1.0 uA 
Collector Capacitance 
(Vcp = 10V, f= 1 MHz) Ccgo - - 220 pF 
Switching Times 
Delay Time and Rise Time 
(Ic = -10A, Ip, =-20mA) tat t; - 0.6 - uS 
Storage Time 
(Ic =-10A, Ip; = Ip. =-20mA) t, _ 2.0 _ us 
Fall Time 
(Ic = -10A, Ip, =1p2 =-20mA) te - 0.5 — us 


NOTE: (3) Pulsed measurement, 2m sec pulse width, duty cycle S 2%. 
(4) Pulsed measurement, 3004 sec pulse width, duty cycles 2%. 
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Silicon 
Power Pac 
Transistors 


“Color Molded” 


The General Electric D45H is a green, silicone plastic encapsulated, power 
transistor designed for various specific and general purpose applications, 
such as: output and driver stages of amplifiers operating at frequencies 
from DC to greater than 1.0 MHz; series, shunt and switching regulators; 
low and high frequency inverters/converters; and many others. 


FEATURING: re Green 
@ PNP complement to D44H NPN @ Excellent linearity 
@ Green for PNP, red for NPN @ Fast switching EPEC: O22) #6 
@ Very low collector saturation voltage @ Round leads 
(—0.37 V typ. @ —5.0 A Ig) @ Hard solder mount down 


TERMINAL ARRANGEMENT 


absolute maximum ratin QS: (25°C unless otherwise specified) 


32 
D45H1 D45H4 D45H7 D45H10 FY 
D45H2 D45H5 D45H8 D45H11 ey 

Voltages D45H9 D45H12 SK, 

Collector to Emitter VcEO 30 45 60 —80 Volts BASE 

Emitter to Base VeBo - 5 - 5 - 5 - 5 Volts SEMITTER 
Current (1) (ELECTRICALLY, COMMON 

Collector (Continuous) Ic ————___———  -10 ——_————__ Amps 

Collector (Peak) —_ —— - 20 —————_ Amps 
Power Dissipation‘) 

Tab at 25°C Pr —_——— 50 ——————>_ Watts 

Tab at 70°C ce -) s s —_ Watts 

Free Air at 25°C —_———— 1.67 —————__ Sats Dimensional Outlines 

Free Air at 50 Saree 8 or Watts 
Thermal Resistance (2) 

Junction to Case Rie. SS 

Junction to Ambient R@ya 2 TO 
Temperature(2) 

Operating Ty Se 55: to +150 

Storage Tstq 9 “TO )sCOE-55 to +150 — so 

Lead Soldering, 1/16” + 1/32” 

from case for 10 seconds 
max. Th —_——— _ +260 —————> © 


NOTES: 
(1) Refer to the Safe Region of Operation curve for further information 
(2) Case temperature reference point is indicated on the Dimensional Outline Drawing. 


electri calc haracteristics: (25°C unless otherwise specified) 


Min Max 
Forward Current Transfer Ratio 
(Vce -_ -1V, Ic = —2A) D45H1, 4, 7, 10 hee 35 - 
D45H2, 5,8, 11, 9,12 hre 60 - 
(Voce = —1V, Io = —4A) D45H1, 4, oe 10 hee 20 = 
D45H2, 5,8, 11, 9,12 hee 40 eS 
Collector to Emitter 
Sustaining Voltage?) 
(ic =-100 mA)  D45HI1,2 -30 - Volts 
D45H4, 5 Vceo(sus) —45 - Volts 
D45H7, 8, 9 —60 ~ Volts 
D45HI10, 11 , 12 —80 ~ Volts 
Collector Saturation Voltage(3) 
(ic = ~8A,Ig=—-0.4A) D45H2,5,8, 11 Voe(SAT) - -1.0 Volt 
(ic = -8A, Ig =—0.8A) D45H1,4,7,10, 9,12 Veg(SAT) - -1.0 Volt 
Base Saturation Voltage(?) 
(Ic = —8A, Ip = —0.8A) Vee(SAT) - -1.5 Volts 
On-Voltage 
de =10m4A, Vee =2V) VBE(on) 0.54 0.64 Volts 
Collector Cutoff Current 
(Vce= Rated Vcgo, Ty = 25) Icgo a -10 UA 


Emitter Cutoff Current 
| (Ves = —SV, Ty = 25°) lego 1171 a 100 BA 


Collector Capacitance 


(Vcp = 10V, f = 1 MHz) C66 
Gain Bandwidth Product 
(Vce = —10V, Ig = —500 mA) f, 


Switching Times 
Rise Time and Delay Time 


(Ig = —5A, Ig1 = —0.5A) ty + ty 
Storage Time 
(Ic =_—SA, Tg1 =Ipgo= —0.5A) t, 
Fall Time 
(Ug = —SA, Ig1 = Iga = —0.5A) te 
NOTE: 


(3) Pulsed measurement, 300 pusec pulse, duty cycle = 2%. 
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Silicon 
Diodes 


>|) 
DA1701-4 


This family of General Electric Double Heatsink Diodes are very high speed switching 
diodes for computer circuits and general purpose applications. These diodes incorporate 
an oxide passivated epitaxial pellet with a raised solid silicon anode contact. 


These DA-series diodes exceed the electrical and mechanical requirements of the follow- 


ing JEDEC devices: 
DA1701 DA1702 DA1703 Standard Cathode Band 
and Body Marking Colors: 
1N914 1N4153 1N4151 1N4152 DA1701 — Violet 
1IN914A 1N4154 1N4152 1N4154 DA1702 — Yellow 
1N916 1N4446 1N4153 1N4727 DA1703 — Green 
1N916A 1N4447 1N4154 DA1704 — Black 
1N4148 1N4448 1N4454 Body marking will consist 
1N4149 1N4454 1N4727 only of the GE symbol 


1N4151 1N4727 


1N4152 one S =a 
0.022 180 
o.018 max 
4 E IP adrs 


ae ¢ ci 8 
. . oO .0322.002 diac 
absolute maximum ratings: (25°C) CATHODE END 
NOTE: ALL DIMENSIONS IN INCHES 
DA1701 DA1702 DA1703 DA1704 
Voltage 
Reverse 100 15 40 25 Volts 
Current 
Average Rectified I, 20 —_———_—_——_———— mA 
Recurrent Peak Forward I- peak ——— 600 mA 
Forward Steady State D-C —— 15 mA 
Peak Forward Surge (1, sec) <._—_—_———— 1 Amps 
Derate above 25°C +. 1 mA/°C 
Temperature 
Operating —_———  — — $5 to 4175 ———_ —_______—_—_—__> °C 
Storage ——— — 65 to +200 ——— °C 


Power Dissipation 


0.125 inches 
0.250 inches 
0.500 inches 


Note 1: The maximum power dissipation is defined as the heat dissipating capability of the diode when operated at 25°C as an 
A-C signal device within the absolute maximum voltage and current ratings specified above. The power rating is 


based on a maximum junction temperature of 200°C. The steady state thermal resistance (°C/mW) can be used to 
calculate the power dissipating capabilities, within the maximum voltage and current ratings, at temperatures other 
than 25°C. 
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DA1701-4 


electrical characteristics: (25°C) (unless otherwise specified) 


DA1701 DA1702 DA1703 DA1704 

Forward Voltage Vr Min. Max. Min. Max. Min. Max. Min. Max. 

(Ir = 0.100mA) 0.490 0.550 0.490 0.550 0.490 0.550 0.460 0.570 Volts 

(iy =1.0 mA) 0.590 0.650 0.590 0.650 0.590 0.650 0.570 0.680 Volts 

(Ir = 10 mA) 0.700 0.810 0.700 0.810 0.700 0.810 0.680 0.850 Volts 

(Ir = 30 mA, Note 2) 0.780 0.930 0.780 0.930 0.780 0.930 0.740 1.00 Volts 

(Ir = 50 mA, Note 2) 0.830 1.00 0.830 1.00 0.830 1.00 0.770 1.10 Volts 

(Ir = 100 mA, Note 2) 0.935 1.10 0.935 1.10 0.985 1.10 0.820 1.30 Volts 
Reverse Current Ik 

(Vx = 15 Volts) 50 nA 

(Va = 20 Volts) 100 nA 

(Vr = 30 Volts) 30 30 50 nA 

(Vr = 30 Volts, T, = 150°C) 30 80 50 uA 

(Vr = 50 Volts) 50 50 nA 

(Va = 50 Volts, T, = 150°C) 50 50 pA 

(Vr = 75 Volts) 5 uA 
Breakdown Voltage By 

(In = 5pA) 15 40 25 Volts 

(In = 100uA) 100 Volts 
Stored Charge Qs 

(Ir = 10mA, Note 3) 40 40 40 40 pc 
Peak Forward Voltage Ve 

(Ir = 50mA, tr = 10nS, Note 4) 3.0 2.75 1.75 1.75 Volts 
Capacitance Co 

(Ve = OV, f = 1MHz, 

Signal Level = 50mV, Note 5) 1.0 1.0 2.0 3.0 pF 


Note 2: Pulsed measurement with pulse width <350, Sec, duty cycle <2%. 

Note 3: Test method per JEDEC suggested standard number for direct measurement of diode stored charge, B-Line Elec- 
tronics Corporation stored charge meter Model QS-3 or equivalent. 

Note 4: Measured per EIA Standard RS-286. 

Note 5: Capacitance as measured on Boonton Electronics Model 75A Capacitance Bridge (or equivalent). 
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Silicon 
Signal eel EE 


Diode ___DE104 _ 


The General Electric type DE104 is a very low leakage 
diode for general application. This diode incorporates an 
oxide passivated planar structure built in a high resistivity 
epitaxial layer grown on a low resistivity silicon substrate. 
This structure makes possible a diode having high con- 
ductance, low leakage and low capacitance, combined with 
improved uniformity and reliability. Type DE104 is housed 
in a standard glass diode D110 package. 


absolute maximum ratings: (25°C) (unless otherwise specified) 


Current 100 +38 —+ 100 
Average Rectified 75 mA MIN. : a 
Forward Steady-State DC 50 mA } t aie 
Recurrent Peak Forward 225 mA —-kt€ g ae MAK 060 
Peak Forward Surge (1.0 psec pulse) 2000 mA nw oe 
Power NOTES: CATHODE BAND na 
Dissipation (25°C) 250 mW L ALL DIMENSIONS ARE IN INCHES AND ARE DIA. 
Tedipernturs REFERENCE UNLESS TOLERANCED 
Operating 65 to +175°C 2. LEAD DIAMETER NOT CONTROLLED WITHIN .050" OF THE BODY. 
Storage —65 to +200°C 


*Derate 1.43 mW/°C above 25°C based on Ty = 200°C. 


electrical characteristics (25°C) (unless otherwise specified) 


SYMBOL MIN. MAX. UNITS 

Forward Voltages 

Ip = 10 yA Ve 0.520 0.620 Volts 

Tp = 100 wA 0.610 0.700 Volts 

Ip = 1.0mA 0.700 0.790 Volts 

Ir = 10mA 0.790 0.890 Volts 

Ip = 5OmA 0.875 1.000 Volts 

Ig = 100 mA (Note 1) 0.930 1.100 Volts 
Reverse Current 

Vr = 20 Volts Ip — 20 pA 

Vr = 20 Volts, T, = 150°C _ 100 nA 
Breakdown Voltage 

Ip =SpA By 40 — Volts 
Capacitance 

Vr = 0 Volts (Note 2) Co — 4 pF 
NOTES: 


1, Pulsed measurement (pulse width < 300yusec, duty cycle < 2%). 
2. Capacitance as measured on Boonton Model 7SA, capacitance bridge at a signal level of 50 mV and a frequency of 1 MHz. 
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Signal 


Silicon DEII0, DELI 
| DE112, DE113,_ 
Diodes | DE114,DE115 _ 


These General Electric Signal Diodes are very low leakage diodes for 
general application. They incorporate an oxide passivated planar 
structure built in a high resistivity epitaxial layer grown on a low 
resistivity silicon substrate. This structure makes possible a diode 
having high conductance, low leakage and low capacitance, com- 
bined with improved uniformity and reliability. They are housed in 
a standard D HD glass diode package. 


absolute maximum ratings: (25°C) (unless otherwise specified) 


155 1.00 
Current r Lag ~— a —-- id 7 


Average Rectified 75 mA 


Forward Steady-State DC 50 mA —lZ a 

Recurrent Peak Forward 225 mA —bse- z — = MAX 

Peak Forward Surge (1.0 usec pulse) 2000 mA eel 1 
Power CATHODE BAND a3 n 

ms i is ro} 4 

Dissipation (25°C) 250 mW santa! DIA 
Temperature | ALL DIMENSIONS ARE IN INCHES AND ARE 

Operating —65 to +175°C REFERENCE UNLESS TOLERANCED. 

Storage —65 to +200°C 2. LEAD DIAMETER NOT CONTROLLED WITHIN .050" OF THE BO 


*Derate 1.43 mW/°C temperature above 25°C based on Ty max. = 200°C 


TS 0 


MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. UNITS 
Forward Voltage (Vr) 


(lg = 10 pA) 0.500 0.600 0.500 0.600 0.500 0.600 0.500 0.600 Volts 
(Up = 100 pA) 0.590 0.690 0.590 0.690 0.590 0.690 0.590 0.690 Volts 
Up = 1.0 mA) 0.680 0.780 0.680 0.780 - - _ — 0.680 0.780 0.680 0.780 Volts 
(ip = 10 mA) 0.780 0.880 0.780 0.880 0.780 0.880 0.780 0.880 Volts 
Up = 50 mA) 1.0 ~ 1.0 Volts 
(Ip = 100 mA) (Note 1) 0.880 1.200 0.880 1.200 0.880 1.200 0.880 1.200 Volts 
Reverse Current (Ip) 
(Vp = 20 Volts) — - _ 200 — 100 — 250 pA 
(Vp = 20 Volts, Ta = 150°C) — - — 0.500 — 0.250 — 0.500 BA 
(VR = 30 Volts) _ 2.0 1.0 nA 
(Vp = 30 Volts, T, = 150°C) — 4.0 2.0 BA 
(Vp = 50 Volts) - ~ _ 5.0 2.0 nA 
(Vr = 50 Volts, Ta = 150°C) — — _ 10.0 40 ywA 
Breakdown Voltage (B,) 
(Ip = SpA) 40 _ - _ 40 -- _ — Voits 
Capacitance (C,) 
(Vp = 0) (Note 2) — 4 — 4 — 6 — 6 ~ 4 _ 4 pF 
NOTES: 


1. Pulsed measurement (pulse width < 300 usec, duty cycle < 2%). 
2. Capacitance as measured on Boonton model 75A capacitance bridge at a signal level of 50 mV and a frequency of 1 mE. 
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Low Current D230 SERIES 
Rectifier 


The General Electric DT230 250 milliampere rectifier is a planar epitaxial passi- 
vated rectifier sealed in the DO85 double heatsink package. The DT230 is designed 
primarily for the industrial and consumer markets. 


Features 


Glass Package 

Hermetic Seal 

Capable of 15 Ib. Lead Pull 

Proved Design—GE innovated DHD package 
Silicon Anode Contact Pellet 

Eutectic Bond Between Pellet and Slugs 


Typical Applications oa ee ee 
Color Television Difference Amplifier Clamp MIN. - 40 + MIN, 7 
Arc Protection Color Television Video Output J me 
Low Current Power Supply Rectification nail [Pa 
Operational Amplifiers TINNED LEADS eel 


Measurement Systems 
Arc Suppression 


O75 O18 v 
“060 DIA, 


CATHODE BAND 
WHEN APPLIC ABLE 


see ems ewes em ee re ee se ee ee es cee ee ee ee ee ee ee ee ee ee ee oe ee eee ee ee eee — ee ee ee ome 


DC to DC Converters 
Free Wheeling Rectifiers 
Telephone Equipment Switching 


maximum rati ngs (25°C) (unless otherwise specified) 


DT230 H HI B G A F 
Reverse Voltage Working 250 250 200 150 100 50 Volts 
Peak, Vru, DC, Vr 250 250 200 150 100 50 Volts 
Average Forward Current 
Io @ 50°C 250 ———_—_—_—_____—-> mA 


Peak Forward Surge Irsu Non- 

Repetitive .0083 sec. half sine wave <———____-—_ 5 ——_—_—__—__—__" A 
Maximum Average Power $$ $_—_—_——_ 350 ——_________—_> mW 
Junction Temperature Storage Tstg <————_ — 65 to 200 _ PC 
Temperature Operating Junction T; <-———————_ —65 to 150 ——————_ °C 


characteristics 


DT230 Part No. H Hi B G A F 

Maximum Forward 

Voltage Drop Vr @ 25°C — 

Ty = 250 ma 11 11 1.1 1.1 1.1 Volts 

I, 200 ma 1.0 —_— —_— —_ —_ — Volts 
Maximum Reverse 

Current @ Vu 

Tr 25°C <— 1 tA 

Tx 100°C << 300 — A 
Reverse Recovery Time, trr 

Typical 20 see 

Maximum —— 300 — rset 
Capacitance 

Vr = 0Co Typical ge pl 

Maximum 5 


INSTANTANEOUS Ip NORMALIZED TO 25°C 


Sig! 
LEAD LENGTH FROM DEVICE BODY 


3/4" 


TYPICAL THERMAL IMPEDANCE 
VS. LEAD LENGTH 


oe 


3 == 
===— == 
eeezee 
+ ~—_}_ 1 + — 
zeae 
+ 


TYPICAL REVERSE CURRENT 
VS. TEMPERATURE AT Vax 
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500 


4007 


300 


+ 


Vg + LEAD LENGTH FROM BODY 
‘e 


a 
& 
Hota 
too} a 
aes ( re 
° 50 100 150 
Ty °C 
AVERAGE FORWARD CURRENT VS. 
AMBIENT TEMPERATURE 
SINGLE PHASE OPERATION 
WA 
1A 
E ooma 
3 
= JOMA 
é 
1MA 
100pAS 


I 2 
INSTANTANEOUS FORWARD VOLTAGE — VOLTS 
FORWARO TEMPERATURE COEFFICIENT mv/*C 


TYPICAL I, VS. Vp AT Ty 
TYPICAL I; VS. T.C. 


Silicon 
Diodes 


General Electric types DZ800, DZ805 and DZ806 are high-speed, silicon signal diodes 
intended for general purpose applications. The DZ800 series has controlled conductance 
characteristics for stabistor applications. 


absolute maximum ratings: (25°C) (unless otherwise specified) 


Voltage 
Reverse DZ800 ve voits 
olts 
DZ805 25 Volts 
DZ806 : 
Current Te a 
Forward Steady State DC 70 
Recurrent Peak Forward 135 a 4 ae 
Coe a 
Power , z 0.036 {MAX) PS 
Dissipation 150 CATHODE END NOTE: 
ALL eee 
Temperature IN. INCH 
Operating —55 to 125°C 


electrical characteristics: (25°C) (unless otherwise specified) 


Min. Typ. 

Forward Voltage 

(Ir = 0.100 mA) Vri 0.430 

(Ir = 1.0 mA) Vr 0.530 

(Ir = 2.0 mA) Vri 0.560 

(Ir = 10 mA) Vri 0.640 

(Ir = 100 mA, Pulsed) Vr, 0.800 
Reverse Current 

DHD800 (Vr = 2V) Ir 

DHD805 (Vz = 12V) Ip 

DHD806 (Vx = 22V) Ir 
Breakdown Voltages 

DHD805 (In = 5 vA) By 15 

DHD806 (In = 5 pA) By 25 
Stored Charge 

(Ir = 10 mA) Q. 40 
Capacitance 

(Vr = OV)* C. 4 


*Capacitance as measured on Boonton Model 75A capacitance bridge at a signal level of 50 mV and a frequency of 


1 MHz. 
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Max 
0.550 Volts 
0.690 Volts 
0.720 Volts 
0.800 Volts 
1.300 Volts 
2.0 pA 
2.0 BA 
2.0 pA 
Volts 
Volts 
pc 
pF 


WATER-COOLED 


Heat Exchanger 


The General Electric Type G6 water-cooled heat 
exchangers are designed for the efficient cooling of 
high power silicon controlled rectifiers 


Special features of this heatsink are: 
© Light weight, compact design. 
High efficiency at low coolant flow rates 
* Double-side cooling of cell for maximum 
current capability. 
¢ Factory assembled and tested for high reliability. 


_>—— 
ic 
Seis nets 


OUTLINE USING G6 TO COOL TWO 1” PRESS PAKS 
IN VOLTAGE DOUBLER CONNECTION 


TERMINAL 


DECIMAL 
INCHES 


CO ES A SS SSNS GRY wy Sn cae ey ce ce ene ee ee ee eee meee 


NOTES: 
| GPM = 3.6 LITERS / MINUTE 
TWO CELLS, THREE POSTS 


| GPM= 3.8 LETERS / MINUTE 
CASE TO EXCHANGER 
ONE CELL, TWO POSTS 


FOR WATER AS COOLING FLUID a ee 
DATA FOR DEPOSIT FREE WATER eassacemy | || | 
Jel 
2 4 


WATER- EXCHANGER 
D.C. THERMAL RESISTANCE -°C/WATT 


WATER AS COOLING FLUID 
CASE To EXCHANGER 
DOUBLE SIDE COOLED 
DATA FOR DEPOSIT FREE WATER PASSAGEWAY 


WATER EXCHANGER 
O.c. THERMAL RESISTANCE - °C/WATT 


J 2 4 6 8 10 6 8 10 Sa 2 4 & 8 10 2 4 6 8 10 
FLOW RATE - GALLONS /MINUTES FLOW RATE ~ GALLONS /MINUTES 
1. THERMAL RESISTANCE VS. FLOW RATE 2. THERMAL RESISTANCE VS. FLOW RATE 
(ONE CELL, TWO POSTS) (TWO CELLS, THREE POSTS) 
900, a 
1600 FULL CYCLE CONDUCTION RMS 
T ae ee aa am CURRENT RATINGS VS DUTY 
FULL CYCLE CONDUCTION RMS 800 | CYCLE AT 60 Hz 
CURRENT RATINGS VS DUTY AA EXAMPLE 
1400 CYCLE AT 60 Hz » 
EXAMPLE 2 SO WAVEFORM DESCRIPTION: 
WAVEFORM DESCRIPTION = SN ar, ree 
o Ip & 700 | I J 
© (300 J z mM™ CYCLE /25% DUTY CYCLE 
ww 
Wi | CYCLE/25% DUTY CYCLE 1 — Tams=tp/VE 
z Trus* Ip/V2- 4 =e 7 
Z 600) a 
t & t_| 
2 '000 3 ire 
= —— 2 pt] 
3 a = 500 == 
2 eo} 80 -met——d x NOTES: 
z ioe = 1 WATER FLOW RATE -1.0GPM YT 
RTE: | TT 400k 2-360°C CONDUCTION (TWO CELLS) 
ee A WATER PLOW: RATE=<LOGPAM 3.1ms CURRENT DURING CONDUCTION INTERVAL =~ 
2. 360°C CONDUCTION (TWO CELLS) 4. WATER TEMPERATURE *40°C Fy 
3. Tame CURRENT DURING CONDUCTION INTERVAL 400 aul 
° 
= 4. WATER TEMPERATURE=40°C 15s 2 4 6 8 10 20 40 60 60 100 
DUTY CYCLE IN PER CENT 
iS 2 4 6 8 Ww 20 40 60 8&0 100 
DUTY CYCLE IN PER CENT 4. WELDING RATINGS - SCR TYPE C350 (TWO CELLS) 


3. WELDING RATINGS - SCR TYPE C380 (TWO CELLS) 


90 


80 


70 


WATER COOLED 
LO GALLON PER MINUTE 
50 TO 60 Hz AT RATED di/dt 


WATER COOLED 

4.0 GALLON PER MINUTE 

50 TO 60 Hz AT RATED di/dt 
JUNCTION TEMPERATURE = 125°C 


JUNCTION TEMPERATURE *#f25°C 
ALL CONDUCTION ANGLES#*360° TO 60° 


MAXIMUM ALLOWABLE WATER TEMPERATURE -°C 
MAXIMUM ALLOWABLE WATER TEMPERATURE —°C 


40 
a ft fb i 
200 le) 300 350 200 400 500 
RMS CURRENT~ AMPERES RMS CURRENT ~- AMPERES 
5. PHASE CONTROL RATINGS - SCR TYPE C350 6. PHASE CONTROL RATING - SCR TYPE C380 


(TWO CELLS) (TWO CELLS) 


1181 


WATER-COOLED 


Heat Exchanger 69/610 


The G9/G 10 water cooled switches are designed for the efficient cooling of 


two (2) type C500 series power thyristors connected as an AC switch. 


Features: 


1) Insulating mounting base containing built-in cooling fluid 
passageways. 


2) Screw-on connections for metallic water piping. 


3) Nickel-plated power connection tangs. 


Maximum Allowable Ratings 


Maximum Allowable Peak Volts Off-State (PFV, PRV) . . 


Switch RMS Current (Sinusoidal Waveform)... . Repenes One neice 


Peak One-Cycle Surge, 60 Cycles 1... .. er rasheuler Go 00 
Junction Operation Temperature . . . . pelle Lnyister 
Storage Temperature 2 2. 0 we eee ee ee ee 2 AOS to 65°R 
Maximum Ambient Temperature . 2... 2. we ee ee 659K 
Maximum Water Pressure. 2 2 2 1 2 ee ee ee) BO psig 


Maximum Water Temperature 2... 6... 2. 50°K 


Environmental Capabilities 
Water Quality . . . . . Tap Water With No Additives (See Note 1) 


Salt Spray . . . 5 . © » Test Condition A of Methods 101 of Standard MIL-STD-202 
Moisture Resistance . . . Method 106 of MIL-STD~202 (See Note 2) 
Flammability . . . . . . Materials are UL Rated, Flam. Class S.E. (Self Extinguishing) 


Characteristics 


On-State Losses (Per Device) ... . 


Maximum On-State Voltage . 2. 0. ee ee ee } Refer To Particular 


Steady State Thermal Resistance . ... 1.5.0.4. 
Transient Thermal Impedance . . 2... 2. ee ue 


Pressure Drop Vs Water Flow . . 2... ee 


Weight oo aoa: 08 ee We eee 


vo 6 0 #© © 8 wie 


Note 1: Quality of Water - Water shall have: 


{a) A neutral or slightly alkotine reaction, i.e., a pH between 
7.0 and 9.0 


(b) A chloride content of not more than 20 parts per million; a 
nitrate content of not more than 10 parts per million; and a 
sulphate content of not more than 100 parts per million, 

(c) A total solids content of not more than 250 parts per million. 

(d) A total hardness, as calcium carbonate, of not more than 
250 parts per million. 


No additives are to be used without prior approval from the switch 
manufacturer's Application Engineering department. 


C5__ Specifications 
See Figure 1} 
See Figure 2 
See Figure 3 
17 Pounds 


Note 2: This test simulates a realistic condition which may occur when 
equipment is stored or is inoperative under high humidity con- 
ditions. When the switch is to be placed in operation, all sur- 
face moisture must be eliminated before power is applied, 
otherwise catastrophic electrochemical failure can be induced. 


Coordination between cooling water and the prevailing humidity 
is necessary to avoid condensation on the water jackets and 
electrical insulation. Ordinarily this is no problem with 40°C 
cooling water. In some cases with lower temperature water, 


humidity control has been necessary to stop condensation | 
completely. 


TRERMAL IMPCVUANLE ~ U/ Wal! 


.06 


02 
Balllll es GIO HEAT EXCHANGER 
" oil : DOUBLE - SIDE COOLED 


STEADY STATE THERMAL RESISTANCE, 
Oy w - °C“ WATT 


to) 
3S 


2 4 & 8 


GIO HEAT EXCHANGER G9/G10 


WITH C5_. & AS__ CELLS, 
SINGLE PHASE 

180° CONDUCTION ANGLE 
Rees SIOE CODED) 


WATER FLOW ~- GALLONS PER MINUTE 


Figure 1: Steady State Thermal Resistance 


SE tra ee 
TMT 
i tee A te 
oF Ml 

CU A ATT 
aes eT 
All| | see ayo Asoel 


WATER FLOW®=1.2 GAL/MINUTE 
© 46 LITERS/MINUTE 


Q 
OO! Ol 0. Fe] 10 100 
POWER ON TIME - SECONDS 


Figure 2: Transient Thermal Impedance 


pot Ty 
Yt 
INCLUDING MANIFOLD 
WITH CSO! CELLS. rt | 


TES: 
1 GAL/MINUTE » 3.8 LITERS/MIN. 
| LB/IN2 = 0.0703 KGS/cM2 


He (GAUGE )*5.18 CM OF MERCURY 
FOUR POSTS PER EXCHANGER 


6 6 10 60 80 100 
GALLONS PER MINUTE ioe ace 


PRESSURE DROP PER POST 
’ LBS. PER SQ. IN. — GAUGE 
o & 


Figure 3: Pressure Drop For Water Flow 
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SIS DIK 
TSR CONN 


OUTLINE DRAWING: G? AC CONTACTOR 


@) 4 
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CELL A 


SLEMENTARY 
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GROVES FOR DING RAM 
OREN SE 
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MOUNTING & HANDLING 


1) 


2) 


3) 


4) 


5) 


Visually examine the switch before it is mounted to see that it has 
not been damaged during shipping or handling. 


A low-resistance electrical connection must be made to the power 
connections in order to avoid feeding heat back into the SCR's. The 
power terminals may be lightly abraded with #400 grit emery paper, 
wiped clean and contact grease added to reduce oxidation. (Power 
terminals are nickel-plated.) 


When mounting the insulating base, the following precautions should 
be taken to avoid distorting the plastic part. 


a) The mounting surface is to be flat within 0.030". 


b) Bolts or nuts which are used to hold the switch into the 
equipment shall be used with a flat washer against the 
plastic base. Torque values shall not be exceeded. 

(8 ft-lbs max for 1/4" screw) (15 ft-lbs max for 5/16" 
screw) Flat washer should be 0.7" to 0.9" OD. 


For pipe connections, a sealing agent such as teflon joint compound 
shall be used in order to limit the torque needed in order to get a 
water-tight joint. 


Prior to shipment or exposure of switch to freezing temperatures, the 
water is to be purged from the switch and cooling base to avoid 
freeze-up with its likely damage to the parts in the assembly. The 
water may be removed by blowing it out with dry air. Care should 

be exercised to limit the applied air pressure to less than 60 psig 
(rated pressure for the assembly). If hoses are connected to the switch 
assembly, it is recommended that they be removed before purging to 
avoid water backfill. 
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Water-cooled [ G11 SERIES 


Heat Exchanger 


The General Electric Type G11 water-cooled heat exchangers are designed for the efficient 
cooling of C300 series high power silicon controlled rectifiers and rectifier diodes. 


FEATURES: 
@ Basic exchanger suitable for use in AC switches @ Light weight, compact design factory assembled 
and parallel applications of diodes and SCR’s. and tested. 
@ Unique large surface area coolant passage pro- @ Double-side cooling of cell for maximum current 
vides high thermal conduction at low flow rates. capability. 
ratings and characteristics: 
Steady State Thermal Resistance.......... See Figure 1 Maximum Water Pressure .............00005 75 psig 
Pressure Drop Vs Water Flow............ See Figure 2 Maximum Water Temperature................. 75°C 
Storage Temperature............... -40°C to 100°C WEIGH. 8s foe ie ee ie. deck edeewiceee pd Brea eel as 5 Pounds 
Maximum Ambient Temperature.............. 100°C 
QUALITY OF WATER — WATER SHALL HAVE: 
1) A neutral or slightly alkaline reaction, ie. a pH between 3) A total solids content of not more than 250 ppm. 
7.0 and 9.0 4) A total hardness, as calcium carbonate, of not more than 
2) A chloride content of not more than 20 ppm; a nitrate 250 ppm. 
content of not more than 10 ppm; and a sulphate con- No additives are to be used without prior approval from the 
tent of not more than 100 ppm. switch manufacturer’s Application Engineering Department. 


OUTLINE DRAWING 


SYM INCHES MILLIMETERS sym INCHES | wiuimerers 
MIN. MAX. MIN. MAX. MIN. 1 MAX. MIN. MAX. 
[ec 137 153 3479 3aa6 |{ A Tt 180 2 | 458 5.45 
o = .300 < 7.62 s 1.160 1.600 29.47 40.63 
t T 7.980 3.050 201.94 f. 204.46 
r F 385 | _395 9.78 voor [fu [ 250 REF | 635 REF, 
a 670, 13.98 1.01 |[ Vv a 4.000 = 101.59 
4 1.400 1.600 ass7_{ 40.63 |[ w 660 790 16.77 | 20.06 
J 740 760 18.80 19.29 |{ x 1.280 vaio | 31.76 35.80 
t K | 6.460 6.540 164.09 166.11 bs | 1.240 1,260 31.50 31,99 
L 720 780 18.28 ige0_|[z 300 7.000 20.33 2538 | 
M §.500 5.750 139.71 148.04 : AA an 3.485 2.580 63.12 i 65.52 
N Tt 312 562 7.93 14.26 || AB z 4180 = 106.16 
p 115 7 1135 2.93 3.42 ia 
a 1.087 1177 2660 | 2989 | L | 
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WATER- EXCHANGER 
D.C. THERMAL RESISTANCE - °C/ WATT 


01 


1 GPM = 3.8 LITERS / MINUTE 

CASE TO EXCHANGER 

ONE CELL, TWO POSTS 

FOR WATER AS COOLING FLUID 

DATA FOR DEPOSIT-FREE WATER PASSAGE WAY 


se 4 & 8 10 2 4 6 8 10 
FLOW RATE — GALLONS / MINUTE 


FIGURE 1: THERMAL RESISTANCE VS FLOW RATE 
(ONE CELL, TWO POSTS) 


a 2 AAN@WLO 


PRESSURE DROP PER ASSEMBLY 
LBS. PER SQUARE INCH - GAUGE 


' 2 
FLOW RATE — GALLONS PER MINUTE 


FIGURE 2: PRESSURE DROP PER G11 ASSEMBLY 
{FOUR COOLING POSTS IN SERIES EXCLUDING 
PRESSURE DROPS OF CONNECTING HOSING) 
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MAX. RMS CURRENT - AMPERES 


MAX: RMS CURRENT — AMPERES 


900 


FULL CYCLE CONDUCTION RMS 
CURRENT RATINGS VS DUTY 
CYCLE AT 60Hz 
800 EXAMPLE 
WAVEFORM DESCRIPTION 


Ip 
I t 
700 1 CYCLE / 25% DUTY CYCLE 
Tras * Ip/v2 
600 
500 


l. WATER FLOW - 1.0 GPM 
400 2. 360°C CONDUCTION (TWO CELLS) 

3. Inms - CURRENT DURING CONDUCTION INTERVAL 

4. WATER TEMPERATURE «= 40°C 


300 
LS 2 4 6 8 to 20 40 60 80 100 
OUTY CYCLE IN PER CENT 


FIGURE 3: WELDING RATINGS - SCR TYPE C350 (TWO CELLS) 


FULL CYCLE CONDUCTION RMS 
CURRENT RATINGS VS DUTY 
CYCLE AT 60 Hz 


1400 EXAMPLE 
WAVEFORM DESCRIPTION 


Ip 
PARA Ae 
1200 | CYCLE / 25% DUTY CYCLE 
1000 
800 


|. WATER FLOW RATE - LO GPM 
600 2. 360° CONDUCTION (TWO CELLS) 

3. IRMS ~ CURRENT DURING CONDUCTION INTERVAL 

4, WATER TEMPERATURE = 40°C 


LS 2 4 6 s 0 20 40 60 80 100 
DUTY CYCLE IN PER CENT 


FIGURE 4: WELDING RATINGS - SCR TYPE C380 (TWO CELLS) 


1188 


© 
is) 


a 
o 


WATER COOLED 
1.0 GPM 

50 - 400Hz 

Ty = 125°C 


MAXIMUM ALLOWABLE WATER TEMPERATURE -°C 
x 
° 


Hi conouction 
ANGLE 
100 150 200 250 


RMS CURRENT — AMPERES 


FIGURE 5: PHASE CONTROL CHARACTERISTICS 
TWO C350 SCR’S 


90 


a 
o 


70 
WATER COOLED 
1.0 GPM 

50 — 400Hz 

Ty = 125°C 


MAXIMUM ALLOWABLE WATER 
TEMPERATURE — °C 
@ 
o 


GI conpuction anee 


300 
RMS CURRENT - AMPERS 


FIGURE 6: PHASE CONTROL CHARACTERISTICS 
TWO C380 SCR’S 
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Passivated 
Rectifier 


REPLACEMENT FOR 1N4001-4007 


THE GENERAL ELECTRIC GER SERIES IS A 2 AMPERE RATED, AXIAL 
LEADED GENERAL PURPOSE RECTIFIER. DUAL HEATSINK CONSTRUC- 
TION PROVIDES RIGID MECHANICAL SUPPORT FOR THE PELLET AND 
EXCELLENT THERMAL CHARACTERISTICS. PASSIVATION AND PROTEC- 
TION OF THE SILICON PELLETS PN JUNCTION ARE PROVIDED BY SOLID 
GLASS; NO ORGANIC MATERIALS ARE PRESENT WITHIN THE HERMETI- 
CALLY SEALED PACKAGE. 


absolute maximum ratings: (25°c unless otherwise specified) 
GER GER GER GER GER GER GER 


Ratings Symbol 4001 4002 4003 4004 4005 4006 4007 
Reverse Volt Va (wks) 50 100 200 400 600 800 1000 
Working Peak, 

DC, Vr 

Ave Half Io°>mA 1000 1000 1000 1000 1000 1000 ~=1000 
Wave 75°C 

Rectified Forward 


Current 25°C mA 2000 2000 2000 2000 2000 2000 2000 


Peak Forward 
Current 25°C Ip (surge A) 30 80 30 30 30 30 30 


1% Cycle Surge Ipy (Rep) 
60 Hz 


10 10 10 10 10 10 

Max. Junction 
Temperature - T, 175°C 175°C 175°C 175°C 175°C 175°C 175°C 
electrical characteristics: 
Max. Forward Volt Drop Vp +— 1.1 Volts —————» 
1 Amp Continuous DC 25°C 
Max. Full Cycle Average 
Forward Voltage Drop Vr(av) —_.8 Volts —————_—__» 
(Rated Current @ 25°C) 
Maximum Reverse Current 
@ Rated Vr (25°C) Ip 01 mA 

(100°C) Ip .05 mA 
Maximum Full Cycle Average 
Reverse Current Ip (av) .03 mA 
Operating & Storage Temperature 
Range Ti, —65 to +175 °C 

Tstg 


GER SERIES 


GER4001 
GER4002 
GER4003 
GER4004 
GER4005 
GER4006 
GER4007 


ASO MAX, 
=| (3.810 Mm.) 


180 MAX. 
(4.572 Mm.) 


OIA. AF 
TINNING 


ALL DIMENTIONS ARE IN | 
AND (METRIC) 

* WELD AND SOLDER FLASH 

CONTROLLED IN THIS Af 


Silicon 
Transistors 


Electrical replacements for 2N929 and 2N930 


The General Electric GES929 and GES930 are NPN, silicon, planar, epitaxial, passi- 
vated transistors, These devices feature very high gain at extremely low collector cur- 
rents, low leakage currents and inherent low noise characteristics. These transistors 
are ideally suited for low level amplifier applications and, with leads in a TO-92 pin 


‘ 
configuration, are epoxy replacements for the 2N929 and 2N930 type devices. ky ie a 
Q 
ae 
; : ‘ = si A E 
absolute maximum ratings: (25°C) «utes otherwise specified) SA Ne BASE. 
Vol TO-92 3. COLLECTOR 
oltages MILLIMETERS | INCHES |. 
Collector to Emitter Vero 50 Volts SYMBOLTMIN. | MAX. | MIN, [MAX, Nes 
Emitter to Base Vso 5 Volts iz a 5 WC se olorelozer i 3] 
Collector to Base Vero 70 Volts be | 407] 48210161019] 3 
$D (44 50/5.20 0/1 75|.205 | 
Current E [3.1 80l4190]1 25/165 
Collector (Steady State) Ic 100 mA e [241 0[2.670/.095/ 105, 
ey) [1.1 50) 139510451055 
Dissipation d -3450/4.320 38/170) - 
Total Power (Free Air @ 25°C) + Pr 360 mW Rol = [heroes ees 
Total Power (Free Air @ 55°C) + Pr 250 mW te gs50F = (250, = [3 
Q l2920[ — {i115| — {2 
Temperature s [2030/26 7 0/080] 105, | 
Storage Tsta —65 to +150°C EEE ueaee 
Operating — Ty +125°C 2. cONTOUR OF PACKAGE UNCONTROLLED OUTSIDE 
Lead Soldering, 1/16” + 1/32” from THIS SIDE. 
ease for 10 sec. max. Ty. 4260°C —-3.( THREE LEADS) ¢b2 APPLIES BETWEEN Ly AND La. 


¢b APPLIES BETWEEN Lo AND 12.70 MM (.500") 
FROM THE SEATING PLANE. DIAMETER IS UN- 
on; : . ° CONTROLLED INL, AND BEYOND I2.70MM(.500") 
{Derate 3.6 mW/°C increase in ambient temperature above 25°C. FROM SEATING PLANE. 


OA NS SCTE NS SS NS A A ON OS A A A A A A A A A A A a A A, A A NS A | 


electrical characteristics: (25°C) (unless otherwise specified) 


Static Characteristics 


Min. Max. 

Collector Cutoff Current (Vcs = 50V) Iczo 10 nA 
(Ves = 50V, TA = 100°C) Iczo 10 vA 
(Ves = 50V) Ices’ 10 nA 

Emitter Cutoff Current (Ves = 5V) Izzo 50 nA 

Forward Current Transfer Ratio (Vee = 5V, Ic = 10 pA) GES929 here 60 120 

GES930 hye 100 300 
(Ven = 5V, Tc = 0.5 mA) GES929 hrs 90 —= 
GES930 hye 150 —_— 
(Vee = 5V, Ic = 10 mA) GES929 lire _— 350 
GES930 hrs _ 600 

Collector Emitter Breakdown Voltage (Ic = 10 mA){¢ Vir) cro 50 Volts 

Collector Base Breakdown Voltage (Ic = 10 #A) V war) cBo 70 Volts 

Emitter Base Breakdown Voltage (Iz = 10 uA) Ver) B0 5 Volts 

Collector Saturation Voltage (Ic = 10 mA, Is = 1 mA){f Vor (sat) 125 Volts 

Base Saturation Voltage (Ic = 10 mA, In = 1 mA)t Vax contd 78 Volts 

Base Emitter Voltage (Vcz — 10V, Ic = 2mA) Vex 5 9 Volts 


tPulse conditions 300 psec. 2% duty cycle. 
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Dynamic Characteristics 


Gain Bandwidth Product 


Noise Figure 


Output Capacitance, Common Base 
(Ves = 10V, Iz = 0, f = 1 MHz) 


3.0 


Normalized h,. vs. ! 


(Vez = 10V, Ic = 2 mA, f = 10 mHz) 
(Vee = 5V, Ic = 104A, R, = 10k, BW = 15.7 kHz) 
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Small Signal Current Gain vs. Collector Current 
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Max 
850 mHz 
4 dB 
3 dB 
4.0 pF 


Voce = 5V 
Ta = +25° 
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Typical Collector Characteristics 
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Ig-COLLECTOR CURRENT-mA 


I¢-COLLECTOR CURRENT- mA 
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Typical Collector Characteristics 
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Silicon 
Transistors 


Features: ® Performance comparable to 
hermetic units 
@ High Gain 
® Medium Voltage 
e Low Veewat) 
® High Frequency 


The General Electric GES2221 and GES2222 units are silicon, NPN, planar passi- 


vated, epitaxial devices specifically developed for high speed switching, amplifier and 
core driver applications. 
absolute maximum rati NQS: (T.s=25°C,unless otherwise specified) 
ft 

Voltages GES2221 GES2222 by gb2\_ db — 
Collector to Emitter Voeo 30 30 Volts Q tel 4 . 
Collector to Emitter Vezs 40 40 Volts SEATING PLANE EMITTER : 

: 2. BASE 

Emitter to Base Vexo 5 5 Volts To-92 3. COLLECTOR 
Collector to Base Voso 60 60 Volts 

Current : 
Collector Ic 400 400 mA O1 61 
Collector ( peak, pulsed 10 usec , y Op. 781: 

2% duty cycle) Tc 800 800 mA O1.125 

Dissipation 3S 
Total Power (TcS25°C) Pr 1.0 1.0 Watts 12700} 
Total Power (TsS25°C) Pr 0.360 0.360 Watts S350 
Derate Factor (Tc225°C) 10.0 10.0 mW/°C 2.920 

>25° ° 
Derate Factor (Ta=25°C) 3.6 3.60 mW/°C tes: 
1. THREE LEADS 

Temperature 2.CONTOUR OF PACKAGE UNCONTROLLED OUTSIDE 

Storage Tote <— —65to+150 ——> °C 3 (THREE LEADS) b2 APPLIES 
. ES BETWEE 
Operating Ts — —65 to +125 ——» °C ¢b APPLIES BETWEEN Lo AND 12 70 Mid 890") 
Lead (%¢"=142" from Lonnie Ae PLANE. DIAMETER IS UN- 
AND BEYOND !2.70MM iy 
case for 10 sec.) Tu <—— +260 ——> °C FROM SEATING PLANE. vee 


electrical characteristics: (1, = 25°C,unless otherwise specified) 


GES2221 GES2222 

STATIC CHARACTERISTICS Symbol Min. Max. Min. Max. 
Collector-Emitter Breakdown Voltage 

(Ic = 10mA, Is = 0) Visrceo* 30 30 Volts 
Emitter-Base Breakdown Voltage 

(Is = 10nA, Ic = 0) VusreBo 5 5 Volts 
Collector-Base Breakdown Voltage 

(Ic = 10uA, In = 0) VasrycBo 60 60 Volts 
Collector-Emitter Breakdown Voltage 

(Ic = 10zA, Vez = 0) Vospces 40 40 Volts 
Collector-Emitter Saturation Voltage 

(Ic = 150mA, In = 15mA) Versam* 3 3 Volts 

(Ic = 500mA, In = 50mA) Vexwar* 1.2 1.2 Volts 
Base-Emitter Saturation Voltage 

(Ic = 150mA, Iz = 15mA) Vazecan* Ld 1.1 Volts 

(Ic = 500mA, Is = 50mA) Vaucsary* 2.4 2.4 Volts 
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GES'2221 GES2222 

STATIC CHARACTERISTICS (Continued) Symbol Min. Max. Min. Max. 
Forward Current Transfer Ratio 

(Vee = 1.0V, Ic = 150mA) hre* 20 50 

(Ven = 10V, Ic = 0.1mA) hrs 20 35 

(Vez = 10V, Ic = 1.0mA) hre 25 50 

(Vee = 10V, To = 10mA) hra* 35 75 

(Vee = 10V, Ic = 150mA) hru* 40 120 100 300 

(Vee = 10V, Ic = 500mA) hrs* 20 30 
Collector Cutoff Current 

(Ves = 50V, In = 0) Toxo 10 10 nA 

(Vos = 50V, In = 0, Ta = 100°C) Tczo 10 10 BA 
Emitter-Base Reverse Current 

(Vues = 3.0V, Ic = 0) Izzo 50 50 nA 
DYNAMIC CHARACTERISTICS 
Gain Bandwidth Product 

(Vox = 20V, Ic = 20mA, f = 100MHz) f. 250 250 MHz 
Collector-Base Capacitance 

(Ves = 10V, In = 0, f = 1 MHz) Ce 8.0 8.0 pF 
Emitter-Base Capacitance 

(Vua = 0.5V, Ic = 0, f = 1MHz) Cer 25 25 pF 


*Pulse width © 300psec., Duty Cycle < 2% 


1196 


Silicon 
Transistors 


The General Electric GES2221A and GES2222A units are silicon, NPN, planar passi- 
vated, epitaxial devices specifically developed for high speed switching, amplifier and 
core driver applications. 


@ Performance comparable to hermetic units ® Excellent switching speeds 
® High gain ® Low saturation voltages \ Fak 
@ Medium voltage e High frequency | hina! a) 

) a | + 


absol ute maximum rati NQS: (Ts= 25°C, unless otherwise specified) 


| 
uy LN gL 

u 
ANE 


eee 
GES2221A os Zt E 
Voltages GES2222A SEATING PL. |.EMITTER 
Collector to Emitter Vero 40 Volts TO-92 3 COLLECTOR 
Collector to Emitter Voss 40 Volts MILLIMETERS | INCHES 
Emitter to Base Vexo 5 Volts [symex} MIN. | MAX. zi MIN. [Max NOTES) 
Volts A 14.320/5.330/170}210 
Collector to Base Veso 75 23 Trao7t 55 oforéelozel Ls 
é be | 407] 482/oisloi9! 3 
urrent D445 oI 5200/175| 205] 
Collector Ic 400 mA E 1 Saroteee St z ae oe 
Collector (peak, pulsed 10 usec, L 7 Tt 5S £8Te aS LORE! eh 
<= 2% duty cycle) Ic 800 mA [J [3430/4 320/135) 170 
ae I2700| ~— (500! ~ 113 
Dissipation a | aa 1.270) saat (o) 3 
2 ; oral : or 
Total Power (Te < 25°C) Pr 1.0 Watts Oo j2920f = firs, = as 2_| 
Total Power (Ta = 25°C) Pr 0.360 Watts [~s [2030] 2.670] 080] 705 
Derate Factor (Tc = 25°C) 10.0 mW/°C peo ta lens 
Derate Factor (Ts = 25°C) 3.6 mW/°C 2.CONTOUR OF PACKAGE UNCONTROLLED OUTSIDE 
THIS SIDE. 
Temipeiatute 3. (THREE LEADS) ¢b2 APPLIES BETWEEN Ly AND Lo. 
, ¢@b APPLIES BETWEEN L2 AND 12.70 MM (.500") 
Storage T sre —65 to +150 C FROM THE SEATING PLANE, DIAMETER IS UN- 
: ° CONTROLLED INL, AND BEYOND 12. 70MM (.500") 
Pa - Ts —65 to +125 Cc FROM SEATING PLANE. 
ea Ag’ + Wo” from 
case for 10 sec.) Tu +260 °C 


electrical characteristics: (Ta = 25°C, unless otherwise specified) 


GES2222A 
GES2221A 
STATIC CHARACTERISTICS Symbol Min, Max. 
Collector-Emitter Breakdown Voltage 
(Ic = 10mA, Is = 0) Viswcro* 40 — Volts 
Emitter-Base Breakdown Voltage 
(In = 10nA, Ic = 0) V car) uso 5 — Volts 
Collector-Base Breakdown Voltage 
(Ic = 10nA, Is = 0) Viaroso 75 _ Volts 
Collector-Emitter Breakdown Voltage 
(Ic = 10uA, Vaz = 0) Vispcrs 40 — Volts 
Collector-Emitter Saturation Votage 
(Ic = 150mA, Ip = 15mA) Vonwarx — 0.3 Volts 
(Ic = 500mA, Ip = 50mA) Vorwan* — 1.0 Volts 
Base-Emitter Saturation Voltage 
(Ic = 150mA, Ip = 15mA) Vexwane 0.6 1.1 Volts 
(Ic = 500mA, Ins = 50mA) Vexwanx _ 2.0 Volts 
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GES2221A, 2A 


GES2221A GES2222A 

STATIC CHARACTERISTICS (Continued) Symbol Min. Max. Min, Max. 
Forward Current Transfer Ratio 

(Voce = 1.0V, Ic = 150mA) hrs* 20 — 50 —_— 

(Vor = 10V, Ic = 0.1mA) hrs 20 _ 35 —_ 

(Ver = 10V, Ic = 1.0mA) hre 25 = 50 —t 

(Vee = 10V, Ic = 10mA) hrz* 35 — 15 —_— 

(Vez = 10V, Ic = 150mA) hrz* 40 120 100 300 

(Vee = 10V, I= 500mA) hrs* 20 as 30 3 
Collector Cutoff Current 

(Ves = 60V, Te = 0) Toso — 10 —_ 10 nA 

(Ves = 60V, Iz = 0, Ta = 100°C) Toro _— 10 — 10 pA 
Emitter-Base Reverse Current 

(Ves = 3.0V, I= 0) Tezo — 50 — 50 nA 

*Pulsed, 300 psec, = 2% duty cycle 
DYNAMIC CHARACTERISTICS 
Gain Bandwidth Product 

(Vee = 20V, Ic = 20mA, f = 100 MHz) fr 250 _ 300 —_ MHz 
Collector-Base Capacitance 

(Vcs = 10V, Iz = 0, f = 1 MHz) Co — 8.0 — 8.0 pF 
Emitter-Base Capacitance 

(Ves = 0.5V, Ic = 0, f = 1 MHz) Co — 25 — 25 pF 
Collector-Base Time Constant 

(Vcr = 20V, Ic = 20mA, f = 31.9 MHz) Yr’ C. — 150 —_— 150 psec 
Input Admittance 

(Ic = 20mA, Vcr = 20V, f = 300 MHz) Nie —_— 60 _ 60 ohms 
SWITCHING CHARACTERISTICS 
Turn-On Time 

(Ic = 150mA, Voc = 30V, In: = 15mA, Figure 1) ton — 35 — 35 nsec 
Turn-Off Time 

(Ic = 150mA, Vec = 30V, In. = — Ine = 15mA, Figure 2) tort — 285 _ 285 nsec 


*Pulse width < 300 sec., duty cycle = 2% 


TO 
ViN thi OSCILLOSCOPE 
>100k 
+16V Zin?! 
te < 22SEC Cin < L4pF 
PW ¢200uSEC RISE TIME <5nS 
DUTY CYCLE<2% 
= = +30V x 
FIGURE 1. TEST CIRCUIT FOR DETERMINING TURN-ON TIME 
VIN TO 
ae OSCILLOSCOPE 
PW2 12SEC zciooes 
ate Ciné 12 pF 
ty & tps TSEC 


RISE TIME <5n$ 


-3V +H6V 
FIGURE 2. TEST CIRCUIT FOR DETERMINING TURN-OFF TIME 
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Silicon 
Signal Transistor 


Electrical replacement for 2N2483 


The General Electric GES2483 is a silicon, NPN, planar, epitaxial, passivated transistor. 
This transistor is ideally suited for low-level amplifier applications. This device is an 
epoxy replacement for the 2N2483. 


FEATURES: 
e@ Very high gain at extremely low @ Epoxy encapsulation with proved re- — f al i 
collector currents liability — excellent characteristic sta- — | itt ¢ , 
fasten $ 
e@ Low leakage currents bility under environmental stresses, a He | ¢ 
e@ Inherent low noise characteristics 85°C—85% RH Lke ae El s 
|| 
. . ° SEATING PLANE |.EMITTER 
absolute maximum ratings: (25°C) (unless otherwise specified) Gadsues © seo eeiGe 
TINH 1 
Voltages poe aba Ta INCHES NOTES) 
Collector to Emitter Vere 60 Volts = "2 32 ofS 230/17 ee eG 
Emitter to Base Ving 6 Volts be | 407| 4821016019! 3 | 
D0 14450/5200/175|205 
Collector to Base Views 60 Volts = S reola polizetiest 
2.41 0/2.670/095/105 
Current a Tit 5011.3951045105 
Collector (continuous) I, 100 mA j__ {3430/4 320/11 351.170] 
tiie [27007 = foo] — [a3 
Dissipation ft {| — [terol — [oso 3 
Total Power (Free Air @ 25°C)‘?) Py 360 mW ma 43 330, — 8 aries 34 
Total Power (Free Air @ 55°C) P, 250 mW [_s [2030/2 é7TOl OBO. ros] 
NOTES: 
Temperature 1. THREE LEADS 
Storage Te 6 to +150 oc 2.CONTOUR OF PACKAGE UNCONTROLLED OUTSIDE 
TG 
Operating T, —65to +125 OCF eLies BETWEEN Lo AND 12, 70'MM ( 500") 
Lead soldering, 1/16” = 1/32” T + 260 oc FROM THE SEATING PLANE. DIAMETER IS UN- 
L CONTROLLED IN L, AND BEYOND !2.70MM (500") 
from case for 10 secs. max. FROM SEATING PLANE. 
{1)Derate 3.60 mW/°C increase in ambient temperature above 25°C. 
electrical characteristics: (25°C) (unless otherwise specified) 
STATIC CHARACTERISTICS Symbol Min. Max. Units 
Collector-Emitter Breakdown Voltage 
(I, = 10mA, I, = 0) Viericeo: 60 = Volts 
Emitter-Base Breakdown Voltage 
(I; = 10uA, I, = 0) Vigr)EBO 6 ces Volts 
Collector-Base Breakdown Voltage 
(Ig = 10uA, I, = 0) Vigricso 60 = Volts 
Collector-Base Cutoff Current 
(Veg = 45V, 1, = 0) lego = 50 nA 
(Veg = 45V, 1, = 0,T, = 100°C) a — 10 uA 
Emitter-Base Cutoff Current 
(Veg = 5.0V, I, = 0) leso = 50 nA 
Base-Emitter Voltage 
(ig = 100uA, Voge = SV) Veeion) 0.50 0.70 Volts 


1199 


STATIC CHARACTERISTICS (Continued) 


Collector-Emitter Saturation Voltage 
(ig = ImA, I, = 0.1mA) 

Forward Current Transfer Ratio 
(Voge = 5V, 1, = 10UA) 
(Veg =5V, 1, = 100UA) 
(Veg =5V, I, = 500uA) 
(Veg = 5V, I, = 1mA) 
(Veg = 5V, 1, = 10mA) 


DYNAMIC CHARACTERISTICS 


Forward Current Transfer Ratio 
(I, = ImA, Vog = SV, f= 1 KHz) 
Wide Band Noise Figure 
(lo = LOUA, Veg = SV, R,=10K&2, 
f= 10Hz to 10KHz, B.W.=15.7 KHz) 
Spot Noise Figure 
(Ig = 10uA, Veg = SV, R, = 10KQ, 
f = 1KHz) 
(I, = 10uA, Veg = SV, R, = 10KQ, 
f = 10KHz) 
(Ig = 10UA, Veg = 5V, R, = 10KQ, 
f = 100 Hz) 
Forward Current Transfer Ratio 
(Ig = SQUA, Veg = 5V, f=5MHz) 
(Ig = SOQMA, Veg =5V, f=30MHz) 
Output Capacitance 
(Veg = 10V, f = 1MHz, Emitter 
connected to Guard Terminal 
on 3-Terminal Bridge) 
Input Capacitance 
(Veg = 0.5V, f = 1MHz, Collector 
connected to Guard Terminal on 
3-Terminal Bridge) 


*Pulsed Test — Pulse width s 300 Usec., duty cycle = 2%. 


Symbol 


Vee(sat) 
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80 


2.0 
2.0 


Units 


Volts 


dB 


dB 


dB 


dB 


pF 


pF 


Silicon 
Transistor 


The GES2906 is a planar, epitaxial, passivated, PNP, silicon transistor intended for 
general purpose. amplifier, saturated switching, and core driver applications. 


Features: 


@ Low leakage currents 


@ Low collector saturation voltages | is! r 
ly | gon dp a 
@ High speed switching Q = --| 2 
A L E 
. ; er Ae ee SEATING PLANE, |. EMITTER 
@ Epoxy encapsulation with proved reliability—excellent characteristic stability under 2. BASE 
environmental stresses, 85°C @ 85% RH TO-32 3. COLLECTOR 
[_MILLIMETERS| INCHES [7] 
SYMBOL | MAX. | MIN. [Max [NOTES 
: : A_ 1432015330] 170/210 
absolute maximum ratings: (Ts = 25°C, unless otherwise specified ) ee LOL 
Voltages 
Collector to Emitter Veoxo —40 Volts 
Emitter to Base Vero —5 Volts 
Collector to Base Voso —60 Volts 
Current 
Collector Io —850 mA 
Collector (peak, pulsed 10 usec, 
< ras NOTES: 
<= 2% duty cycle) Ic 700 mA RTHREELEAGS 
2.CONTOUR OF PACKAGE UNCONTROLLED OUTSIDE 
ere THIS SIDE. 
Dissipation 3.(THREE LEADS) $b2 APPLIES BETWEEN Ly AND Lo. | 
Total Power (Te S 25°C) Pr 0.700 Watts gb APPLIES BETWEEN Lo AND {2.70 MM (.500" 
= ; TE - 
Total Power (Ts = 25°C) Py 0.360 Watts CONTROLLED INL, AND BEYOND 12. 70MM ( 500") 
Derate Factor (Tc 2 25°C) 7.0 mW/°C FROM SEATING PLANE. 
Derate Factor (T, = 25°C) 3.6 mW/°C 
Temperature 
Storage Tsro —65 to +150 °C 
Operating T; —65 to +125 °C 
Lead (%6” + %e” from 
ease for 10 sec.) Ti +260 °C 
electrical characteristics: (1, = 25°C, unless otherwise specified) 
STATIC CHARACTERISTICS Symbol Min. Max. 
Collector-Emitter Breakdown Voltage 
(Ic = —10MA, Is = 0) Vospcxo* —40 — Voits 
Emitter-Base Breakdown Voltage 
(ls = —10nA, Ic = 0) V can) EB0 —5 = Volts 


electrical characteristics: (cont.) 


Symbol Min. Max. 
Collector-Base Breakdown Voltage 
(Io = —10yA, Iz = 0) Visrcso —60 — Volts 
Collector-Base Cutoff Current 
(Ves = —50V, In — 0) Icao —_ —20 nA 
(Ves = —50V, In = 0, Ts = +100°C) Iczo _ —20 pA 
Collector-Emitter Cutoff Current 
(Vox = —30V, Is = 0) Icus —_ —50 nA 
Collector-Emitter Saturation Voltage 
(Ic = —150mA, Is = —15mA) Vexwsam* — —0.4 Volts 
(Ic = —500mA, In = —50mA) Veswar™ _ —1.6 Volts 
Base-Emitter Saturation Voltage 
(Ic = —150mA, Is = —15mA) Vancar* — —1.3 Volts 
(Ic = —500mA, In = —50mA) Varcan* — —2.6 Volts 
Forward Current Transfer Ratio 
(Ven = —10V, Tc = —0.1mA) hre 20 = 
(Vex = —10V, Ic = —1.0mA) hre 25 — 
(Vez = —10V, Ic = —10mA) hre 35 =< 
(Ves = —10V, Ic = —150mA) hrr* 40 120 
(Vcr = —10V, Ic = —500mA) hryr* 20 — 
DYNAMIC CHARACTERISTICS 
Output Capacitance, common base 
(Vcs = —10V, f = 1 MHz, Emitter 
connected to Guard Terminal on 
3-Terminal Bridge) Cen — 8 pF 
Input Capacitance, common base 
(Vzs = —0.5V, f = 1MHz, Collector 
connected to Guard Terminal on 
3-Terminal Bridge) Cov — 30 pF 
High Frequency Current Gain 
(Ic = —50mA, Vee = —20V, f= 100MHz) | Nite | 2.0 aT 
Delay Time 
(Ics = —150mA, In: = —15mA, see Fig. 1) ta — 10 nsec 
Rise Time 
(Ics = —150mA, In. = —15mA, see Fig. 1) ty — 40 nsec 
Storage Time 
(Ios = —150mA, In: = Ins = —15mA, see Fig. 2) ts —_— 80 nsec 
Fall Time 
(Ics = —150mA, In, = Ine = —15mA, see Fig. 2) te _ 30 nsec 
-30 I5V -6 
INPUT 200 INTUT 
Zo* 502 29=502 
PRF=150 PPS TO OSCILLOSCOPE PRF=|SOPPS ut OSCILLOSCOPE 
< RISE TIME = 5nSEC ie RISE TIMES 5nSEC 
RISE TIME 20SEC 1K TR lOMa 9 RISE TIMES 2nSEC ZiystOM 
-16V 50 -30V 


a 


Figure 1 Test Circuit For Determining Delay Time 
and Rise Time 


}-2oonsec 


*Pulse conditions of 300 usec duration, 2% duty cycle. 


1202 


cabal. 
+| Le 200n SEC 


Figure 2 Test Circuit For Determining Storage Time 
and Fall Time 


Silicon 
Transistor 


The GES2907 is a planar, epitaxial, passivated, PNP, silicon, transistors intended for 
general purpose, amplifiers, saturated switching, and core driver applications. 


Features: 


@ Low leakage currents 


j cc |} ite 
l 


; \ 
@ Low collector saturation voltages by go 
|_t Q tel | 
: . F A 
@ High speed switching SEATINGPLANE «|. EMITTER 
2. BASE 
TO-92 3. COLLECTOR 


@ Epoxy encapsulation with proved reliability—excellent characteristic stability under 
environmental stresses, 85°C @ 85% RH 


absolute maximum ratings: (T. = 25°C, unless otherwise specified) 


Voltages 
Collector to Emitter Vezo —40 Volts 
Emitter to Base Vezo —5 Volts 
Collector to Base Veso —60 Volts 
cur pe : ‘ NOTES: 
ollector le —350 mA 1. THREE LEADS 
Collector (peak, pulsed 10: asec; 2.CONTOUR oe PACKAGE UNCONTROLLED OUTSIDE 
= 2% duty cycle) Ic —1700 mA 3.(THREE LEADS) ¢b2 APPLIES BETWEEN Ly AND Lo. - 
¢b APPLIES BETWEEN Lo AND (2.70 MM (.500") 
FROM THE SEATING PLANE. DIAMETER [S UN- 
Dissipation CONTROLLED INL, AND BEYOND |2.70MM (.500") 
FROM SEATING PLANE. 
Total Power (Tc S 25°C) Py 0.700 Watts 
Total Power (Ts = 25°C) Pr 0.360 Watts 
Derate Factor (Tc = 25°C) 7.0 mW/°C 
Derate Factor (T, = 25°C) 3.6 mW/°C 
Temperature 
Storage Tsre —65 to +150 °C 
Operating T; —65 to +125 °C 
Lead (46" + eo” from 
case for 10 sec.) Ti +260 °C 


electrical characteristics: (T. = 25°C, unless otherwise specified) 


STATIC CHARACTERISTICS Symbol Min. Max. 
Collector-Emitter Breakdown Voltage 
(Ic = —10mA, Is = 0) Visrcro* —40 _— Volts 


Emitter-Base Breakdown Voltage 
| (In = —10zA, Ic = 0) V wrpo —56 —_— Volts 


electrical characteristics: (cont.) 


Collector-Base Breakdown Voltage 
(Ice = —10uA, In = 0) 


Collector-Base Cutoff Current 

(Vcs = —50V, Iz = 0) 

(Ves = —50V, Is = 0, Tr = +100°C) 
Collector-Emitter Cutoff Current 

(Vce = —80V, Is = 0) 


Collector-Emitter Saturation Voltage 
(Ic = —150mA, Is = —15mA) 
(Ic = —500mA, Is = —50mA) 
Base-Emitter Saturation Voltage 
(Ic = —150mA, In = —15mA) 
(Ic = —500mA, In = —50mA) 


Forward Current Transfer Ratio 


(Vee = —10V, Ip = —0.1mA) 
(Vez = —10V, Ic = —1.0mA) 
(Vez = —10V, Ic = —10mA) 


(Vez = —10V, Ic = —150mA) 
(Ven = —10V, Ic = —500mA) 
DYNAMIC CHARACTERISTICS 


Output Capacitance, common base 
(Ves = —10V, f = 1MHz, Emitter 
connected to Guard Terminal on 
3-Terminal Bridge) 
Input Capacitance, common base 
(Vsa = —0.5V, f = 1MHz, Collector 
connected to Guard Terminal on 
3-Terminal Bridge) 
High Frequency Current Gain 
(Ic = —50mA, Vez = —20V, f = 100 MHz) 


Delay Time 
(Ics = —150mA, In: = —15mA, see Fig. 1) 


Rise Time 
(Ics = —150mA, In: = —15mA, see Fig. 1) 


Storage Time 
(Ics = —150mA, Ini = Ing = —15mA, see Fig. 2) 


Fall Time 
(Ics = —150mA, In: = Ino = —15mA, see Fig. 2) 


-30 
INPUT 200 
Zo* 502 
PRF = 150 PPS TO OSCILLOSCOPE 
RISE TIME £2nSEC IK RISE TIME = 5nSEC 


Zy=!0 M2 


enh oe 
al }-200nsec = 


Figure 1 Test Circuit For Determining Delay Time 
and Rise Time 


*Pulse conditions of 300 usec duration, 2% duty cycle. 


GES2907 


Symbol Min. Max, 

Vis cso —60 — Volts 
Icso — —50 nA 
Toso — —20 uA 
Icxs — —50 nA 
Vensary* — —0.4 Volts 
Vorwary* — —1.6 Volts 
Vaxisary* —_— —13 Volts 
Varwat)* — —2.6 Volts 
hre 35 — 

hrz 50 — 

hrx 75 — 

hrnz* 100 300 

hrz* 30 — 

Ces = 8 pF 
Cer — 30 pF 
| hee | 2.0 — 

ta — 10 nsec 
ty — 40 nsec 
ts — 80 nsec 
tr — 30 nsec 
(5V -6 

INTUT 

Z9=502 

PRF<=|SOPPS TO OSCILLOSCOPE 


RISE TIMES 5nSEC 


E S2ns 
RISE TIMES 2nSEC ZiyZ1OMa 


-30V 


me 
| b+ 200n SEC 


Figure 2 Test Circuit For Determining Storage Time 
and Fall Time 
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Silicon Monolithic 
Darlington Amplifiers 
CONSUMER-INDUSTRIAL 


GES5305,GES5307 
GES5306,GES5308 
GES5306A,GES5308A 


The General Electric GES5305, 6, 6A, 7, 8, 8A are NPN, silicon, planar, epitaxial, passivated 
Darlington monolithic amplifiers. These devices are especially suited for preamplifier input 
stages requiring input impedances of several megohms or extremely low level, high gain, low 
noise amplifier applications. Additional applications include medium speed switching circuits 
in consumer and industrial control applications. 


absolute maximum ratin gs: (25°C) (unless otherwise specified) 
GES5305 GES5307 


GES5306 GES5308 SEATING PLANE LLEMITTER 
Voltages GES5306A GES5308A 2. BASE 
oe to Base Vcso 25 40 Volts TO-92 3. aT aia 
‘ollector to Emitter VceEo 25 40 Volts Y MILLIMETERS | INCHES 
Emitter to Base Veso. 12 12 Volts = — MIN | MAX BIN. AX NOTES 
z is 01.210 
Current T7407) 55 0016022) 13 
Collector (Steady State) Ic 300 mA be | 407] 482/016: 019 
Collector (Pulsed)* Ic 500 mA 445 0[5.200)175!.205) 
Base (Steady State) Ig 50 mA 3.180'4190/125/165 _| 
Dios zaloteere oestioeb 
Total Power (Ta S 25C)t Pr 400 mW L_[s430l4320[1 38) 70 _| 
Total Power with Heatsink (Ta & 25C)++ Pr 600 mW L [l2700; = Ts00} — 113 
Total Power with Heatsink (Te S 25T)tt+ Pr 900 mW uy =" |1270; = 1050] 3 | 
Temperature 2 | 835 ee = Ttrst = (3 
aoe = aah woven, C8 1eebtlzarolnast cot 
» ” J + ¢ 
Lead, 1/16” + 1/32” from case for 10 sec. max. Ty +260 A CAT TBUR OF BRCKAGE UNCONTROLLED OUTSIDE 
*Pulse conditions: 300 usec. pulse width, 2% duty cycle. ry 3, Piece ee $b2 APPLIES BETWEEN Ly AND La 
+Derate 4.0 mW/‘C for increase in ambient temperature above 25°. ¢b APPLIES BETWEEN Lo AND 12.70 MM (.500") 
++Derate 6.0 mW/°C for increase in ambient temperature above 25°C. E SCORTROLEED INC. ANG EEG DIAMETER 1S UN- 
++ Derate 9.0 mW/‘C for increase in case temperature above 25°C. Equiv. Circuit FROM SEATING eA ie Sane ne ToMe Cer ee 


electrical characteristics: (25°) (unless otherwise specified) 


STATIC CHARACTERISTICS MIN. MAX. 
Collector to Base Breakdown Voltage (Ic = 0.1 MA, I¢ = 0) GES5305, 6, 6A ViBR)CcBO 25 Volts 
Collector to Emitter Breakdown Voltage (Ic = 10mA, Ig = 0) GES5305, 6, 6A Vi(BR)CEO 25 Volts 
Collector to Base Breakdown Voltage (Ic = 0.1:MA, Io = 0) GES5307, 8, 8A V(BR)CBO 40 Volts 
Collector to Emitter Breakdown Voltage (Ic = 10mA, Ig = 0) GES5307, 8, 8A V(BR)CEO 40 Volts 
Emitter to Base Breakdown Voltage (Ie = 0.1 MA, Ie = 0) V(BR)EBO 12 Volts 
Forward Current Transfer Ratio 

(Vce = SV, I¢ = 2mA) GES5S305, 7 hee 2000 20000 

(Vee = SV, Ig = 100mA) GESS305, 7 hee 6000 

(Vce = SV, Ic = 2mA) GES5306, 6A, 8, 8A hee 7000 70000 

(Vce = 5V, I¢ = 100mA) GES5306, 6A, 8, 8A hee 20000 
Collector Cutoff-Current 

(Vcp = 25V, Ie = 0) IcBo 100 nA 

(Vop = 25V, le = 0, Ta = 100°C) IcBo 20 UA 

(Vcp = 40V, Ig = 0) Icgo 100 nA 

(Veg = 40V, Ig = 0, Ta = 100°C) IcBo 20 UA 
Emitter Cutoff Current (Vep =12V, Ic =0) lego 100 nA 
Collector Emitter Saturation Voltage 

(Ic = 200m<A, Ig = 0.2mA) VBE(SAT) 1.4 Volts 
Base Emitter Saturation Voltage 

(I¢ = 200mA, Ip = 0.2mA) VcE(SAT) 1.6 Volts 
Base Emitter Voltage (Vc_ = SV, I1¢ = 200mA) Vee 1.5: Volts 
DYNAMIC CHARACTERISTICS MIN. TYP. MAX. 
Forward Current Transfer Ratio 

(Vce = 5V, I¢ = 2mA, f = 1kHz) GES5305, 7 hfe 2000 

(ce = 5V, I¢ = 2mA, f = 1kHz) GES5306, 6A, 8, 8A hte 7000 

(Vce = 5V, I¢ = 2mA, f = 1kHz) [ hte] 15.6 dB 
Gain Bandwidth Product (Vc_e = 5V, Ic = 2mA, f = 10 MHz) f> 30 MHz 
Input impedance (Vc_ = SV, Ic = 2mA, f = 1 kHz) hie 650 kohms 
Collector Base Capacitance (Vcg = 10V, f = 1 MHz) Ceb 7.6 10 pF 
Emitter Capacitance (Veg = 0.5V, f=1 MHz) Ceb 10.5 pF 
GES5306A, 8A only: 
Noise Voltage (Ig = 0.6 mA, Veg = SV, Re = 160kQ 

f= 10 Hz to 10kHz, B.W. = 15.7 kHz) 1205 ep 195 230 nv/ V Hz 
NOTE: As measured on a Quan-Tech Model 2283/2181M test set with 10 Hz filters modified by Quan-Tech to a wideband (f = 10 Hz to 10 kHz, B.W. = 
15.7 kHa2) filter. 
7 


Typical Curves 


Normalized hee vs. Ic 


3.6, 
7 q 3.0] 
ci 
looK Veg =5.0VOLTS > 
= co 
60K f .& GES5306, 6A Pes 
4 a 
OK Tr} | GES5308, 8A g 
a x 
20K + pean = = 20) 
fe z 
10K i -747 [| 6&s5305 S 2 
Ww 
EB 8K i GES5307 zis 
= . 
6K = + . a ° 
—— . 
4k z 
td 
= 10 
2K te +} } ax 2 
.=] 
iK ee 6 
Ol 02 04.06 4 2 4 681 2 4 6 810 20 4060 100 200 400 1000 0S) 
Io COLLECTOR CURRENT (mA) s 
ja DA 


oo Or 1 10 100 1000 
Ig-COLLECTOR CURRENT-mA 


Vor (SAT)~ COLLECTOR-EMITTER VOLTAGE -VOLTS 


1.0 10 100 1000 
Ig-COLLECTOR CURRENT-mA 


VBE(SAT) VS: Ic Transconductance Characteristic, Vge vs. Ic 


i000 
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Vee -BASE EMITTER VOLTAGE-VOLTS 


06 


Vpe(saT)-BASE-EMITTER SATURATION VOLTAGE -VOLTS 


1000 t 10 100 1000 


10 100 
Ig-COLLECTOR CURRENT-mA Ig-COLLECTOR CURRENT - mA 
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GES5305, GES5307 


GES5306, GES5308 


lcso vs, Ta leBo vs. Ta 
ee ihe ee GES5306A, GES5308A 
=oae== =hi=== 
reg Tet Ves" ey i a hee vs. Ta 


ca a a a 


[ f z — Ti T i T 


NeSesereere 


a 
Fee 


8 


Ippo" COLLECTOR CUTOFF CURRENT-pA 
rey 
o 

Iggo-EMITTER CUTOFF CURRENT-pA 
3S 
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id ile) : 
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—— | 4 = 
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a 

1 4 1 | ae + 
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Equivalent Input Noise Voltage and Current vs. Bias Current 


Vv v 
% ce 5 4 L =| 
Tq = 25°C 
+ NOTE: OPTIMUM SOURCE RESISTANCE, Rg ——_——_———_—_ 
3 + +— 4 3. 
@7 (JOOH2) alin (100H2) 


NOISE VOLTAGE eq (uy W/VHz ) 
NOISE CURRENT if, (pAWHz ) 


in (WOKHz) 


COLLECTOR CURRENT — mA 


NOTE: Due to the noise characteristics of this device versus frequency, calculation of noise figure (N.F.) from ef, in values is not accurate [as is the 
case with field effect transistors (F.E.T.’s 1207 


I¢-COLLECTOR CURRENT-mA 


Ig-COLLECTOR CURRENT-mA 


GES5305, GES5307 


GES5306, GES5308 
GES5306, GES5308A 


Typical Coflector Characteristics 


260 
Ta * 100°C 
240) 
220; 220 
200 -200) 200, J 
Ta F-55°C Tp 24nd 
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Silicon 
Transistors 


ho 


GES5368, 69 
GES5370, 71 


The General Electric GES5368 — GES6371 are planar, epitaxial, passivated NPN silicon 
transistors designed as a medium current switch and for general purpose amplifier 
applications. For complimentary PNP types see GES5372 — GES5375 specifications. 


absolute maximum ratings: (Ta = 25°C unless otherwise specified) 


GES5368 
GES5369 
Voltages GES5370 GES5371 
Collector to Emitter V cEO 30 30 Volts 
Collector to Base V cBo 60 40 Volts 
Emitter to Base V EBO 5 5 Volts 
Current 
Collector Ic —— 500 —— mA 
Dissipation 
Total Power Ta 25°C Pr 360 Watts 
Derate Factor Ta > 25°C —— 2.87 ——— mW/°C 
Temperature 
Operating T, -65 to + 150 °C sored: 
Storage Tete -65 to + 150 °C 1, THREE LEADS 
Lead (1/16” + 1/32” from 2. CONTOUR oF PACKAGE UNCONTROLLED OUTSIDE 
case for 10 sec.) TL +260 a @ 3.(THREE LEADS) #b2 APPLIES BETWEEN Ly AND Lo. 


¢b APPLIES BETWEEN L2 AND 12.70 MM (.500") 
FROM THE SEATING PLANE. DIAMETER IS UN- 
CONTROLLED INL, AND BEYOND [2.70MM (.500") 
FROM SEATING PLANE. 


me sammy crm memo ees vn mms em mesh GD rrr msc) GND ERGs) SEY SED SY NO GS > mee DSN sD SOD Set Ds ee ce oe ee ee ee ee ee ee ee oe oe ee oes 


electrical characteristics: (1, = 25°C unless otherwise specified) 


STATIC CHARACTERISTICS Symbol Min. Max. Units 
Collector-Emitter Breakdown Voltage 

(Uc = 10mA, Ig = 0) V (BR)CEO* 30 Volts 
Collector-Base Breakdown Voltage 

(Ic = 10uA, VBE = 0) GES5368, GES5369, GES5370 V (BR)CBO 60 Volts 
Collector-Base Breakdown Voltage 

(Ic = 10uA, Ig = 0) GES5371 V (BR)CBO 40 Volts 
Emitter-Base Breakdown Voltage 

(Je = 10uA, Ic = 0) V (BR)EBO 5 Volts 
Collector Cutoff Current 

(Vcp = 40V, Ig = 0) GES5368, GES5369, GES5370 Ico 50 nA 
Collector Cutoff Current 

(Vcp = 30V, Ie = 0) GESS371 Icro 50 nA 
Emitter-Base Reverse Current 

Ven =3V,I¢ =9) TeBo 50 nA 
Forward Current Transfer Ratio 

(Vce = 10V, Ic = 1mA) GES5368 heg 20 

(Vce = 10V, Ic = ImA) GES5369 hre 50 

(Vce = 10V, Ic = ImA) GES5370 here 75 

(Vce = 10V, Ic = ImA) GES5371 bre 20 
Forward Current Transfer Ratio 

(Veg = 10V, Ic = 10mA) GESS368 hese 40 

(Vce = 10V, Ic = 1OmA) GES5369 h Fe* 75 

(Vce = 10V, Ic = 10mA) GES5370 h pp 150 

(Voge = 10V, Ic = 10OmA) GES5371 h pee 40 
Forward Current Transfer Ratio 

(VceE = 10V, Ic = 150mA) GES5368 h re« 60 200 

(VcE = 10V, Ic = 150mA) GES5369 h Fes 100 300 

= 10V, 1g = 150mA) GES5370 hee 200 600 


150mA) GES537! 1209 h pgs 60 600 


(V cE 
10V,1¢ 


(V cE 


GES5368, 69 


GES5370, 71 


ELECTRICAL CHARACTERISTICS (CONTINUED) 


Symbol Min. Max Units 
Collector-Emitter Saturation Voltage 
(Ic = 150mA, Ig = 15mA) V cesar 3 Volts 
Base-Emitter Saturation Voltage 
(Ic = 150mA, Ip = 15mA) V BESAT)* 1.3 Volts 
Base-Emitter Voltage 
(Vce = 10V, Ic = 150mA) V BE(ON)* 1.2 Volts 
DYNAMIC CHARACTERISTICS 
Collector-Base Capacitance 
(Vcp = 10V, le = 0, f = 1MHz) Cop 8 pf 
Forward Current Transfer Ratio 
(Vce = 10V, Ic = 20mA, f = 100MHz) hre 2.) 
SWITCHING CHARACTERISTICS 
Turni-on Time, Figure 1 
(Ic = 150mA, Ip) = 15mMA Vcc = 30V) ton 40 nsec 
Turn-off Time, Figure 2 
(Ic = 150mA, Ip: =Ip2 = 15MA Vcc = 30V) 
GES5368, GES5369 USEF 350 nsec 
GES5370, GES5371 torr 400 nsec 
*Pulse Width S 300 usec., duty cycle S 2% 
Vw sciLLascore Yin To 
nyc ep sec cm’ Lepr Hija "aint 100k 
ave ae RISE TIME (50S 1-8 tS 7HSEC ee ia ace 
aaa Peeve i es oe ae mes ae 
FIGURE 1. TEST CIRCUIT FOR DETERMINING FIGURE 2. TEST CIRCUIT FOR DETERMINING 
TURN-ON TIME TURN-OFF TIME 
TYPICAL CHARACTERISTIC CURVES 
35 TTT | Wty T a i T 
et eam eee has 
Zod i | a alll / : i / 
} “ass Patil ONeill : 
Bo eT lessee UN = - 
Leet uae TMA | dean's 
[ Labo lil 
BETA VS. COLLECTOR CURRENT BASE-EMITTER SATURATION VOLTAGE 
VS. COLLECTOR CURRENT 


20 TT T T he TMI T THIN rr 
Ics Te cia | 
e | Do ikon | || 
3! 2s a rH : St = a 
2 ae Hi gi a 
eo a) Tat (aaa eg “HHH 
i Coat Corn 
5 |Z 
i + ub ai : TT j a 
Ey et {4 a — — 
; == Se 
a ies ze 
: tase tT T 
Bcc 4 fi} 4 tt it a4 + 4 
3 | " Tee j i 
; nan meal td il 


1 10 
Tg - COLLECTOR CURRENT ~ ma 


COLLECTOR-EMITTER SATURATION VOLTAGE 
VS. COLLECTOR CURRENT 
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Silicon 
Transistors 


[Tale 
GES5372, 73 
GES5374, 75 


The General Electric GES5372 — GES5375 are planar, epitaxial, passivated PNP silicon 
transistors designed as a medium current switch and for general purpose amplifier 


applications. For complimentary NPN types see GES5368 — GES5371 specifications. 


=e 
Voltage and current values for PNP are negative: Observe proper bias polarity. 
rs aa 
absolute maximum ratings: (T, = 25°C unless otherwise specified) Ube oe ai 
2 
A 
aad | ! ok 
Voltages GES5374 GES5375 Ca mice & coLcecTon 
Collector to Emitter VcEo 30 30 Volts symeou-— MILL INCHES Tigres 
Collector to Base Vcso 50 40 Volts A A HIN MAX. 
Emitter to Base VEBO 5 5 Volts - 5. 4 QT Ss } gfe g Ooze 13 
eee [ $0 [44 50[5 20 0]1 751205 
n E_ {31 80/4! 90, 125/165/ 
Collector I 500 mA _ 2.41 012.67 0|.095|105 
Cc ej {11 S01 1.3951.045|.055 
Dissipation ie cee 
Total Power TAS 25°C Py ——-_ 360 Watts byt terol = 0501 8 
Derate Factor TA > 25°C 6 mW/°C [a —teeee 3 
2030/2670|060;i05, _| 
Temperature bella en 
; 1 
Operating T; -65 to + 150 °C 2.CONTOUR OF PACKAGE UNCONTROLLED OUTSIDE 
oe T sta ede IS0 — 3. (THREE LEADS) $b2 APPLIES BETWEEN Ly AND L 
Lead (1/16’’ + 1/32” from : $b APPLIES BETWEEN La AND [2. 70'MM ( 800") 
case for 10 sec.) TL +260 Cc FROM THE SEATING PLANE. DIAMETER IS UN- 


CONTROLLED INL, AND BEYOND 12.70 MM (. 500") 
FROM SEATING PLANE 


electrical characteristics: (1, = 25°C unless otherwise specified) 


STATIC CHARACTERISTICS Symbol Min, Max, Units 

Collector-Emitter Breakdown Voltage V(BR)CEO 30 Volts 
(Ic = 10mA, Ip _ 0) 

Collector-Base Breakdown Voltage V(Br)cBo 50 Volts 


(Ic = 10uA, Vee = 0) GES5S372, 
GES5373, GES5374 


Collector-Base Breakdown Voltage V(BR)CBO 40 Volts 
(Ic = 10uA, I; = 0) GES5375 
Emitter-Base Breakdown Voltage V(BR)EBO 5 Volts 


(i, = 10uA, Ic = 0) 
Collector Cutoff Current 
(Veg = 40V, Ig = 0) GES5372, 


GES5373, GES5374 IcBo 50 nA 

Collector Cutoff Current 

(Von = 30 V, 1g = 0) GESS375 Icso 50 nA 
Emitter-Base Reverse Current 

(Ves =3V, Ic =0) ne 50 nA 
Forward Current Transfer Ratio 

(Vce = 10 V, Ic = ImA) GES5372 hee 20 

(Vce = 10 V,Ic = ImA) GES5373 hee 50 

(Vce = 10 V,Ic¢ = ImA) GES5374 hee 100 

(Vce = 10 V,Ic¢ = ImA) GES5375 Hee 20 
Forward Current Transfer Ratio 

(Vce = 10 V, Ic = 10mA) GESS372 hres 30 

(Vc—E = 10 V, Ic = 10mA) GES5373 hres 75 

(Vce = 10 V, Ic = 10mA) GES5374 hres 150 


10 V, Ic = 10mA) GES5375 shee 1211 30 


GES5372, 73 
GES5374, 75 


Symbol Min. 
Forward Current Transfer Ratio 
(Vce = 10 V, Ic = 150mA) GES5372 here 60 
(Vce = 10 V, Ig = 150mA) GES5373 hee 100 
(Vc—e = 10 V, Ic = 150mA) GES5374 h eee 150 
(Vce = 10 V, Ic = 150mA) GES5375 hres 40 
Collector-Emitter Saturation Voltage 
(Ic = 1SO0mA, Ip => 15mA) V cESAT)* 
Base-Emitter Saturation Voltage 
(Ic = 150mA, Ip = 1SmA) V BESAT)* 
Base-Emitter Voltage 
(Vce = 10 V,Ic = 150mA) V BE(ON)* 
DYNAMIC CHARACTERISTICS 
Collector-Base Capacitance 
(Vcp = 10V, 1, =0,f = 1MHz) Cop 
Forward Current Transfer Ratio 
(Vce = 10V,I¢ = 20mA, F = 100MHz) hee 1.5 
SWITCHING CHARACTERISTICS 
Turn-on Time, Figure 1 
(Ic = 150mA, Ip}, = ISMA Vcc = 30V) ton 
Turn-off Time, Figure 2 
(Ie = 150mA, Isr, = Ip2 = 15mA, 
Vcc = 6V) GES5372, GES5373, torr 
GES5374, GES5375 torr 
*Pulse Conditions of 300 us duration, 2% Duty Cycle. 
-30 
(INPUT 200 INTUT 
Zo2 502 29502 
PRF#(50 PPS TO OSCILLOSCOPE PRF=|50PPS 
Ae TIME £2nSEC - see TIME = 5nSEC RISE TIMES 2nSEC 
| J-2oonsec -| jez0on sec 


FIGURE 1. TEST CIRCUIT FOR DETERMINING 


DELAY TIME AND RISE TIME 


TYPICAL CHARACTERISTIC CURVES 
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ELECTRICAL CHARACTERISTICS (CONTINUED) 


Max. Units 
200 
300 
400 
400 
3 Volts 
1.3 Volts 
1.2 Volts 
10 pf 
50 nsec, 
150 nsec. 
175 nsec. 
(5V -6 


TO OSCILLOSCOPE 
RISE TIMES 5nSEC 
Zin 1OMO 


FIGURE 2. TEST CIRCUIT FOR DETERMINING 
STORAGE TIME AND FALL TIME 


=f ad 
Te-COLLECTOR CURRENT- mA 


BASE-EMITTER SATURATION VOLTAGE 
VS. COLLECTOR CURRENT 


Silicon 
Transistors 


The General Electric GES5447 and GES5448 are silicon, PNP planar, epitaxial, pas- 
sivated transistors, designed for general audio frequency applications and linear ampli- 
fiers. For complimentary NPN types see GES5449, GES5450 and GES5451 specification. 


Voltage and current valves for PNP are negative, observe proper bias polarity. 


absolute maximum ratings: (T, =25°C unless otherwise specified) 


Voltages 

Collector to Emitter VcEO 

Collector to Base Vcso 

Emitter to Base VEBO 
Current 

Collector Ic 
Dissipation 

Total Power Tx, = 25°C Pr 

Total Power Tc = 25°C Pr 

Derate Factor T, > 25°C 

Derate Factor To >25°C 
Temperature 

Storage Tstc 

Lead (1/16? + 1/32” from 

case for 10 sec.) Ty 


STATIC CHARACTERISTICS 
Collector-emitter breakdown voltage 
Uc = 10mA, I, =0 
Coilector-base breakdown voltage 
(Ic = 100uA, I; = 0) 
Emitter-base breakdown voltage 
(Ig = 100uA, Ic = 0) 
Collector cutoff current 
(Vcp = 20V, Ig = 0) 
Emitter-base reverse current 
VeB = 3V, Ig = 
Forward current transfer ratio 
(VcE = SV, Ic = 50mA) 
Collector-emitter saturation voltage 
(I¢c= 50mA, Ip = 5mA) 
Base-emitter voltage 


(VcE = SV, I, = 50mA) 


DYNAMIC CHARACTERISTICS 


Collector-base capacitance 
(Vcp = 10V,I[_ = 0, f = IMHz) 
Forward current transfer ratio 


(Vce = 5V, I. = 50mA, f = 20MHz) 


*Pulse Conditions: Pulse Width = 


GES5447 GES5448 
25 30 
40 50 

5 5 
200 
360 
500 
———__ 2.88 > 
gS a 
-65 to + 150 
+260 


Volts 
Volts 
Volts 


mA 


Watts 
Watts 
mW/°C 
mW/°C 


(Ta =25°C unless otherwise specified) 


Symbol 

V (BR)CEO* 
V(BR)CBO 
V (BR)EBO 
IcBo 
TeBo 
hpg« 

V cE(sat)* 


Vv BE(on)* 


Cor 


hee 


300 pS and duty cycle = 2% 


12 


a" 


3 


GES5447 
Min. — Max. 
25 
40 
5 
100 
100 
60 300 
25 
6 1 
12 
5 


=] — [=| 


oe 
ea on 
i 
SEATING PLANE . wh 
TO-92 3 COLLECTOR 


anes INCHES ES {wores| 


|—f-4 4.32.0 fasz0]s3 s0Lirolztol | 
| gb [407] 


P 4o7l 55 0101 6O22T 13 | 
[#044 501 E200) T75[205| | 
Li25{165) | 


[3 [2030/2670[6s80/io5] J 
NOTES: 

1. THREE LEADS 

2. nee OF PACKAGE UNCONTROLLED OUTSIDE 


HIS SID 
3. (THREE LEADS) ¢b2 APPLIES BETWEEN Ly AND Lo. 
@b APPLIES BETWEEN Lo AND !2.70 MM (.500") 
FROM THE SEATING PLANE. DIAMETER IS UN- 
CONTROLLED INL, AND BEYOND 12.70MM (.500") 
FROM SEATING PLANE. 


electrical characteristics: 


GES5448 
Min. = Max. Units 
30 Volts 
50 Volts 
5 Volts 
100 nA 
100 nA 
30 150 
25 Volts 
6 ] Volts 
12 pf 
5 


Tg-COLLECTOR CURRENT- mA 


TYPICAL CHARACTERISTIC CURVES 


til TOM 
cet TH 
e * =r Th K 
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5 rs \ 
& 250] 
3 
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a ees! 
& ase 
Pf 4 uw 
§ 150 
A eens —nh+H 
3 “tT ~ 
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& 100 | wo soe 
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0 

oh Littl 


“Ol mn +r =10 
Te ~COLLECTOR CURRENT: mA 


BETA VS. COLLECTOR CURRENT 


-20 -30 
Vee ~COLLECTOR VOLTAGE-VOLTS 


COLLECTOR CHARACTERISTICS 


=100 1000 


Voce (gar) COLLECTOR-EMITTER SATURATION VOLTAGE -VOLTS 


- - TAGE - VOLT! 
Veeisar) BASE-EMITTER SATURATION VOLTAGE - VOLTS 
, 


hide dt 
-.01 -s -t -10 -100 -1000 


T_-COLLECTOR CURRENT-mAa 


BASE-EMITTER SATURATION VOLTAGE 
VS. COLLECTOR CURRENT 


SSS 


ro 


am +f T 25°C 
ss =e i 
Tass aa =a 114 4 Cy 
Tar25°e Tar 55°e TI 
ag LE PE 
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10 =100 =1900 
Ic- COLLECTOR CURRENT- ma 


COLLECTOR-EMITTER SATURATION 
VOLTAGE VS. COLLECTOR CURRENT 


| 


Silicon 
Transistors 


The General Electric GES5449, GES5450 and GES5451 are silicon NPN planar, epi- pp —— 
taxial, passivated transistors designed for general audio frequency applications and linear 


amplifiers. For complimentary PNP types see GES5447 and GES5448 specifications. 
<= ica. 
— e 
= ie if 
| 


absolute maximum ratings: (7, = 25°C unless otherwise specified) 


GES5449 by $b2\ - $b 4 
GES5450 - GES5451 | al _] E : 
Voltages A L E 
Collector to Emitter Vceo 30 20 Volts SEATING PLANE Pease 
Collector to Base VcBo 50 40 Volts TO-92 3. COLLECTOR 
Emitter to Base VEBO 5 5 Volts 
Current 
Collector Ic 800 —————- mA 
Dissipation 
Total Power T, S 25°C Py —— .360 ————- Watts 
Total Power Tc S 25°C Pry 500 ————~— Watts 
Derate Factor Ta > 25°C —— 2.88 ———~ mW/°C 
Derate Factor Tc > 25°C —s= 4 mW/°C 
| Q  j2920; — "| 
Ls [12030] 2.676/686| Hest 4 
Temperature NOTES: 
Storage TstcG -65 to + 150 °C THREE LEADS 
Lead (1/16"" + 1/32” from 2.CONTOUR oF PACKAGE UNCONTROLLED OUTSIDE 
case for 10 sec.) Ty +260 °C 3.(THREE LEADS) ¢b2 APPLIES BETWEEN Ly AND Lo. 


¢b APPLIES BETWEEN Lo AND 12.70 MM (.800") 
FROM THE SEATING PLANE. DIAMETER IS UN- 
CONTROLLED INL, AND BEYOND 12.70MM (500") 
FROM SEATING PLANE. 


electrical characteristics: (Ta, = 25°C unless otherwise specified) 
GES5449 GES5450 GES5451 


STATIC CHARACTERISTICS Symbol Min. Max. Min. Max. Min. Max. Units 
Collector-Emitter Breakdown Voltage 
(Ic = 10mA, Ip = 0) VBR)CEO* 30 30 20 Volts 
Collector-Base Breakdown Voltage V ierycBo 50 50 40 Volts 
(Ic = 100 uA, Ip = 0) 
Emitter-Base Breakdown Voltage V (BR)EBO 5 5 5 Volts 


(Ig = 100uA, I, = 0) 
Collector Cutoff Current 


Vcp = 20V,Ie = 0) IcBo 100 100 100 nA 
Emitter-Base Reverse Current 

(Ves =3 V, Ic =0) IEBo 100 100 100 nA 
Forward Current Transfer Ratio 

(Vce =2V,Ic = 50mA) hege 100 300 50 150 30 600 
Collector-Emitter Saturation Voltage 

(lc = 100mA, Ip = 5mA) VocEsaT* 6 8 ] Volts 
Base-Emitter Voltage 

(Vcp =2V,Ic = 100mA) V BEON)* 5 1 5 1 5 ] Volts 


DYNAMIC CHARACTERISTICS 
Collector-Base Capacitance 


(Vcsp = 10V,Ie =0,f = IMHz) Cop 12 12 12 pf 
Forward Current Transfer Ratio 
(VcrE =2V,I¢ =50mA,f= 20MHz) hee 5 5 5 


*Pulse Conditions; Pulse Width = 300 us and duty cycle oe 


pelea anledel ial TYPICAL CHARACTERISTIC CURVES 
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COLLECTOR-EMITTER SATURATION VOLTAGE VS. COLLECTOR CURRENT 
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Silicon 
Transistors 


GES5810 | GES5811 
GES5812 | GES5813 


These silicon, planar, passivated, epitaxial transistors are intended to satisfy a wide range 
of general purpose applications at audio and intermediate frequencies. 


Features: 


@Excellent Gain Linearity over Wide Range @Integral Heat Sinks Available. Order as 


GES5810-J1 etc. 


SEATING PLANE LLEMITTER 


of Collector Currents to 
500mA and Beyond. 


@Epoxy Encapsulation with Proved Reliabil- 


ity—excellent characteristic stability under 


@High Collector Current Ratings: 1000 mA. environmental stresses, 85°C—85% RH. [syweoc| MHLLIMETERS aN IMA NOTES 
is 7 s x A 4320/5330) 170/210 
Voltage and current values for PNP devices are negative; observe proper bias polarity. 6 407[| 550/01 6loz22| 13 | 
H . (eo) * “ 40 8 
absolute maximum ratings: (25 C unless otherwise specified ) ie 44 24 SPO CL TTS oe 3 
E (3.1 80/41 90/125/165 | 
Voltages e (24(0(2.670/095(105| | 
Collector to Emitter Vero 25 Volts 1 [1t 50] 1.395|045/055 | 
Emitter to Base Vino 5 Volts j 3.45014 SEO 135.170 
Collector to Base Veo 35 Volts {| Lt  i!2.700 500 = [hs 
Collector to Emitter Vers 35 Volts uy = . 27 FO] 05! e) 
Current [ ae ee ol 250| 
Collector (Continuous I 750 mA z =a 
Colleetor (Pulsed, Sneaee ae 2050/2. 670 o80l 108 
pulse width, <: 2% duty cycle) lew 1000 mA 
Dissipation 
oe Bhs Air, Ww 
= 25°C)1 Py 500 m 
Total Power with Heatsink REFERENCE 
(Free Air, T, = 25°C)? Py 700 mW PLAN 
Total Power with Heatsink A oi 
(Case Temp., Te = 25°C)* Py 1000 mW L : 
Temperature hy 
Storage Tere ~65 to +150 °C Le 
Operating T; —65 to +185 °C 1 
Lead soldering ('45”" + W4u” MOUNTING Et 
from case for 10 sec. max.) T., +260 °C SURFACEX| ate 
'Derate 4.55 mW/°C increase in ambient temperature above 25°C. 2Derate 6.36 mW/°C t 


increase in ambient temperature above 25°C. 


perature above 25°C, 


%Derate 9.09 mW/°C increase in case tem- 


electrical characteristics: (25°C unless otherwise specified ) 
NOTE: Characteristics apply to both heatsinked and non-heatsinked devices. 


TO-92 


2.BASE 
3. COLLECTOR 


-=-N WwW 
ee. 


—— 
oO 


een 


ty 


$b pb2 


N 


| i 
be 


STATIC CHARACTERISTICS Min. Max. F J METER 
Collector Cutoff Current (Vcr=25V) Icno — 100 nA * : 
(Vcn=25V, Ta=100°C) TIcsBo = 15 BA 3.COLLECTOR 
Emitter Cutoff Current « TO~92 
nn == 5V Ticias a 10 2 
Porwara Current Trawelee Watts . g SyMBOLL_MILLIMETERS | INCHES] 
(Ie = 2 mA, Vex = 2V) eSs MIN, | MAX. | MIN. [MAX. 
GES5810, GES58I1 hee: 60 200 LA = [6689] — [263 
sGESB812,,GES5813 her 150 500 it ao7 ot S39 — eal 
c= MA, Ver = ‘ . 4 
GES85810, GES5811 * hyp 45 ae vi eo2 | 407) 482/0l6jois| | 
GES5812, GES5813 * hen 60 _ c — _|I3200| — [520 
Collector-Emitter Breakdown Voltage e 2.420/2.660/.095/ 105 
(Ie = 10 mA) * Veameno 25 = Volts et {11 50[1.395/.045 O55 
(Ie = 10 pA) Viniwcrs 35 — Volts F — (3-550; ~ [1490 
Emitter-Base Breakdown Voltage h 1570 REF. |O62 REF. 
(In = 10 2A) Visnreno 5 = Volts L 2700, = aol = 4 
Collector Saturation Voltage ly -_ [h27of — Toso 1 
(I. = 500 mA, In = 50 mA) * Veuat _ 0.75 Volts L432 6.350 aes p00 = l 
Base-Saturation Voltage P - 13.630) ~ |.145] 2 
(Ic = 500 mA, In = 50 mA) * Varcwar — 1.2 Volts q_ [3.960 REF |.156 REF| 
Base-Emitter Voltage gq [2.210 REF. |.(87 REF. 
(Ic = 500 mA, Vez = 2V) * Vor .60 11 Volts "1 —_ |3.960| — [156 
DYNAMIC CHARACTERISTICS carne 
Collector-Base Capacitance I. (THREE LEADS) ¢b2 APPLIES BETWEEN Ly AND Lo. ¢b APPLIES 
(Vex = 10V, f = 1 MHz) Con =< 15 pF BETWEEN Le & .5"(I2.70MM) FROM REFERENCE PLANE. 


*Pulse Conditions: Pulse width < 300us Duty cycle < 2% 
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DIAMETER IS UNCONTROLLED IN Ly) AND BEYOND.5"(12.70MM) 
FROM REFERENCE PLANE. 
2.MOUNTING HOLE IS FOR #4 SCREW. HOLE WILL ACCEPT A 
.113""(2.87MM) DIAMETER PIN INSERTED PERPENDICULAR 
TO THE MOUNTING SURFACE. 


Input Capacitance, Common Base ss sii 

(Ver = 0.5V, f = 1 MHz) Cor = 55 pF 
Gain Bandwidth Product 

(Ie = = 50 mA, Vor = 2Vv, {= 20 MHz) 


GES5810, GES5811 fr 100 — MHz 
GES5812, GES5813 fr 135 = MH: 
Typical hy; vs. Io Typical hy: vs. Ic 
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Figure 1 Figure 2 


Typical Icgo vs. Ambient Temperature Power vs. Ambient Temperature Derating 
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Silicon 
Transistors 


| Gesse16 | GESS817 | 
Sn 


sm j- ot 
ans é : , : ‘ : . Fe _¢0 

These silicon, planar, passivated, epitaxial transistors are intended to satisfy a wide range joe ae. oe 

of general purpose applications at audio and intermediate frequencies. = in 

Features: . ; 

e Excellent Gain Linearity over Wide ° Tnteers! oe oe Available. Order - 8 
Range of Collector Currents to #03 BS $5814-J1 ete. E 
500mA and Beyond @ Epoxy Encapsulation with Proved. |.EMITTER 

i : Reliability-—excellent characteristic 2. BASE 

© High Collector Current Ratings: stability under environmental stresses, 7 TO-92 3. COLLECTOR 
1000 mA. 85°C—85% RH. [ MILLIMETERS | INCHES | 
Voltage and current values for PNP devices are negative; observe proper bias polarity SYMBOLT Min. | MAX. _[ MIN. [MAX, NOTES 

& ¢ A 4.320)5.330) 170/.210 ma 
absolute maximum ratings: (25°C) (untess otherwise specified) me Leet aeetotetorsS 

Vottage [$0 |4450|S200|1 75] 205, _] 

Collector to Emitter Vero 40 Volts E 3.180/4190/.1251.165 
Emitter to Base Veno 5 Volts e (2410/2670 oss| ios 
Collector to Base Veso 50 Volts Zi Lt 50] 1.395/.045/055 
Collector to Emitter Vers 50 Volts a 3.430/4320[1 35/.170 

Current L |l2700| — |500/ — | 1,3 

Collector (Continuous) Tc 750 mA py | — 5 1.270) — [05 0 3 
Collector (Pulsed, 300 usec. Fa a 
Ss pulse width, = 2% duty cycle) Tow 1000 mA E s [2030 nate: aah OSI = 
Dissipation 
Tore Power (Free Air, 
A <= 25°C) 7 Pr 500 mW 
Total Power with Heatsink REFERENCE 
(Free Air, T, = 25°C) Pr 700 mW PLAN 
Total Power with Heatsink A 
(Case Temp., Tr = 25°C) Pr 1000 mW . e 
Temperature ta h 
Storage Ts —65 to +150 °C La 
Operating : T: —65 to +135 °C Lite 
Leading soldering (44" + 149” MOUNTING 7" Ay fT | LE 
from case for 10 sec. max.) Ti. +260 °C SURFACE: bes 
1 
Oo e 

_Derate 4.55 mW/°C increase in ambient temperature above 25°C. _“’Derate 6.36 mW/°C +4 

increase in ambient temperature above 25°C. “Derate 0.09 mW/°C increase incasetem- | WM ~~“ |[ Fi \ \ Vo 

perature above 25°C. pb $b2| $e 

fe ES EE NE NS NS A NS A SE SS ST SS SY SS SS SED ¢ 
electrical characteristics: (25°C) (untess otherwise specified) 


NOTE: Characteristics apply to both heatsinked and non-heatsinked devices. re 


STATIC CHARACTERISTICS Min. Max. | F |. BASE" 
Collector Cutoff Current 3.COLLECTOR 
(Vcp=25V) IcBo — 100 nA es 
(Vcp=25V, Ta=100°C) IcBo = 15 uA SS 70~92 
ree oe oats i 7 A MILLIMETERS | INCHES 
BB = EBO — & 
Forward Current Transfer Ratio 
(Ic = 2mA, Vee = 2V) 
GES5814, GES5815 hre 60 160 
GES5816, GES5817 her 100 200 
GES5818, GES5819 hre 150 300 
(Ic = 500 mA, Ver =2V) 
GES5814, GES5815 * her 20 — 
GES5816, GES5817 *hre 25 a 
GES5818, GES5819 *hre 25 = 
Collector Emitter Breakdown Voltage 
(Ie = 10 mA) * Visrceo 40 —_ Volts 
(Ic = 10 pA) Viapces 50 — Volts 
Emitter Base Breakdown Voltage 
(Ie = 10 pA) VisweBo 5 —_ Volts 
Collector Saturation Voltage 
(Ic = 500 mA, Is = 50 mA) * Versa —_ 0.75 Volts . 
Base Saturation Voltage TereReE LEADS) #b2 APPLIES BETWEEN Lj AND Le. b APPLIES 
(Ic = 500 mA, Is = 50 mA) *Vaesan ae 1.2 Velts BETWEEN Lo & .5"(I2.70MM) FROM REFERENCE PLANE. 
Base Emitter Voltage DIAMETER IS UNCONTROLLED IN L; AND BEYOND.5"(12.70MM) 
(Ic = 500 mA, Vce = 2V) ¥Vox 60 1.1 Volts FROM REFERENCE PLANE. ‘ 
*Pulse Conditions: Pulse width S$ 300us Duty cycle $ 2% a MOND BTMM) DIAMETER PIN INSERTED PERBENDICULAR 


TO THE MOUNTING SURFACE. 
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electrical characteristics: (25°C) (unless otherwise specified) 


DYNAMIC CHARACTERISTICS Min. Max. 
Collector-Base Capacitance 
*(Ves = 10V, f = 1 MHz) Ceb = 15 pF 


Input Capacitance, Common Base 

(Ves = 0.5V, f = 1 MHz) Cur — 55 pF 
Gain Bandwidth Product 

(Ic = 50 mA, Vee = 2V, f = 20 MHz) 


GES5814, GES5815 fr 100 — MHz 
GES5816, GES5817 fr 120 —_— MHz 
GES5818, GES5819 fr 135 — MHz 
*Indicates JEDEC Registered values. 
Typical hee vs. Ic 
T T T T 380 
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Figure 3 
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Typical Veeisar) VS: Ie, 
(Is = I¢/20) 


OF ol 


Vog (SAT)-COLLECTOR EMITTER SATURATION VOLTAGE VOLTS 
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Figure 4 
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Figure 6 
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GES5816, 17 
GES5818, 19 


Typical Vee(saty vs. 
(Ip = I¢/10) 
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Figure 7 
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Figure 9 
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These silicon, planar, passivated, epitaxial transistors are intended to satisfy a wide range 
of general purpose applications at audio low and intermediate frequencies. 


Features: 


@ Excellent Gain Linearity over Wide 


Range of Collector Currents to 


Silicon 


Transistors 


e Integral Heat Sinks Available. Order 
as GES5820-J1 ete, 


cn 
[orssezz | s5623 "| 


© Epoxy Encapsulation with Proved |. EMITTER 
500mA and Beyond Reliability—excellent characteristic & ets 
e High Cae Current Ratings: stability under environmental stresses, Hi TO-92 5. COLLECTOR 
1000 m 85°C—85% RH. ILLIMETERS |_ INCHES 
SYMBOL win. | MAX. | MIN. [MAX NOTES 
Ita nd current values for PNP devices are negative; observe proper bias polarit; A_ 14.320] 5.330, 170|.210 
Molsage andiccu s Prop P y b | 407] 550101 6|022| 1,3 
‘ ‘ Py be | 407; 482[ol6fol9/ 3 | 
absolute maximum ratings: (25°C) (untess otherwise specified) $0 |4450[6200]175| 205 
Volt E 3.180 41901 125).165 
beheh kd : e | 2.41 0/267 0].095/ 105 
Collector to Emitter Vero 60 Volts ey lt 50] 1.395/045(055|. 
Emitter to Base Vino 5 Volts | [3.430/4.32 0/135] 170), 
Collector to Base Vero 70 Volts Lt li2700f — J[s500l — 1/13 
Collector to Emitter Vous 70 Volts Lt = |r270| — {oso| 3 | 
Current C2-[6350/ — P2sot—= =[ 3 
Collector (Continuous) Te 750 mA Q_ {2.920 2 
Collector (Pulsed, 300 usec. Ls [2 O30; 2.67 ofosoli 6 Ss. 
pulse width, = 2°7 duty eycle) Tow 1000 mA 
Dissipation 
Total Power (Free Air, 
T, = 26°C)" Pr 500 mW REFERENCE 
Total Power with Heatsink PLAN 
(Free Air, T, = 25°C)™ Py 700 mw 
Total Power with Heatsink A 
(Case Temp., Ty = 25°C) Pr 1000 mW 4 
Temperature 
Storage Tsre —65to+150 °C 
Operating T: —65 to +135 °C MOUNTING 
Lead soldering (14" + Vy” 
from case for 10 sec. max.) T. +260 °C 


'’Derate 4.55 mW/°C increase in ambient temperature above 25°C, 


increase in ambient temperature above 25°C. 


perature above 25°C. 


© Derate 6.836 mW/°C 
™Derate 9.09 mW/°C increase in case tem- 


Ee ke See ES See ee ee TT L 


electrical characteristics: (25°C) (unless otherwise specified) | 


NOTE: Characteristics apply to both heatsinked and non-heatsinked devices. 


STATIC CHARACTERISTICS 


Collector Cutoff Current (Vcpn=25V) 
(Vcn=25V, Ta=100°C) 
Emitter Cutoff Current 
(Vis =| 5V) 
Forward Current Transfer Ratio 
(Te = 2 mA, Vew = 2V) 
GES5820, GES5821 
GES5822, GES5823 
(Tce = 500 mA, Vew = 2V) 
GES5820, GES5821 
GES5822, GES5823 


Collector-Emitter Breakdown Voltage 


(Ic = 10 mA) 
(Ic = 10 #A) 

Emitter-Base Breakdown Voltage 
(Ih = 10 uA) 


Collector Saturation Voltage 

(Ic = 500 mA, In = 50 mA) 
Base Saturation Voltage 

(Ic = 500 mA, In = 50 mA) 
Base-Emitter Voltage 

(Ic = 500 mA, Ver = 2V) 


*Pulse Conditions: Pulse width < 300us Duty cycle S 2% 


Min. 

Icno _ 
Icgo _ 
Tuno — 
her 60 
hee 100 

* hey 20 
* ler 25 
* Viswero 60 
Viswces 70 

* Vv. KKIEBO 5 
* Vers AT) ees 
* Varesat ==: 
Vor .60 


Max. 
100 
15 


10 


nA 
BA 


uA 


Volts 
Volts 


Volts 
Volts 
Volts 


Volts 


1223 


SURFACE: 
ae 1 
é dg ean 


nod, 
| EMITTER 
—+ F L- 2. BASE q re 
3.COLLECTOR 


gs TO-92 


MILLIMETERS | INCHES 
SYMBOL MIN. | MAX. | MIN. an 
[A - [6680] — [263 


et [tt50| 1.395|.045/055 

F | — [3.550] — [140 
[oh 1570 REF. [O62 REF 

L l27o00] — [S00] — 


INOTES 


Le |6350| — |250 
q [3960 REF |.156REF| | 
a [2.210 REF_|187 REF 


NOTES: 

(THREE LEADS) ¢b2 APPLIES BETWEEN Ly AND L2. db APPLIES 
BETWEEN Le & .5"(12.70MM) FROM REFERENCE PLANE. 
DIAMETER |S UNCONTROLLED IN L AND BEYOND.5"(12.70MM) 
FROM REFERENCE PLANE. 

2.MOUNTING HOLE IS FOR #4 SCREW. HOLE WILL ACCEPT A 
113" (2.87MM) DIAMETER PIN INSERTED PERPENDICULAR 
TO THE MOUNTING SURFACE. 


DYNAMIC CHARACTERISTICS Min. Max. 
Collector-Base Capacitance 

(Ves = 10V, f = 1 MHz) Cov — 15 pF 
Input Capacitance, Common Base 

(Vis = 0.5V, f = 1 MHz) Con — 55 pF 


Gain Bandwidth Product 
(Ic = 50 mA, Vez = 2V, f = 20 MHz) 
GES5820, GES5821 fx 100 = MHz 
GES5822, GES5823 fr 120 _— MHz 


Typical he; vs. Ic 
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Figure 1 
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Figure 2 
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(Is = Ic¢/20) 


Typical Veeisat} vs. le 
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Figure 4 


Figure 3 
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Typical Veejsat} vs. Ie 
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Typical Vie on VS. Ic 
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Figure 8 


Figure 7 


POWER VS AMBIENT TEMPERATURE DERATING 
1000 


Typical Icso vs. Ambient Temperature 
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Silicon 


Transistors 


These silicon, planar, passivated, epitaxial transistors are intended to satisfy a broad range 


of general purpose signal level applications at audio and intermediate frequencies. 


Features: 


@Excellent Gain Linearity—particularly de- 
signed for operation in the 10 microampere 


to 20 milliampere range. 
@2:1 DC gain ratio per group. 


Voltages 
Collector to Emitter 
Emitter to Base 
Collector to Base 


Current 
Collector (Continuous) 


Dissipation 
Total Power (Free Air @ 25°C)? 
Total Power (Free Air @ 55°C) 


Temperature 
Storage 
Operating 
Lead Soldering, 46" + 142” 
from case for 10 secs. max. 


@Low Collector Saturation Voltage 


@Epoxy Encapsulation with Proved Reliabil- 
ity—-excellent characteristic stability under 


environmental stresses, 85°C-——85% RH. 


absolute maximum ratings: (25°C) (unless otherwise specified) 


Vero 40 
Vine 5 
Vere 50 
I. 100 
Pr 360 
Pi 260 
Txru —65 to 150°C 
Ti —65 to 125°C 
T. 260°C 


1Derate 3.60 mW/°C increase in ambient temperature above 25°C. 


Volts 
Volts 
Volts 


mA 


mW 
mW 


|.EMITTER 


2. BASE 
TO-92 3. COLLECTOR 

MILLIMETERS | INCHES |] 
SYMBOL" win, | MAX._[ MIN, [MAX, [NOTES 


A 4.320)5.330)170].210 
b 407) 55 0/016/022) 1,3 
be 407 20g} 751205 3 


450] 175205 
E 3.180/4190/125).165 
e_ 1241 0/267 07.095 105] 


(81 [11 50] 1.3951045/055 
| {34301432011 35 iro) 
[_jiz7oo; = [500 
Ly = |t270 ns 
ie [e350] = 250] = 
a 12.920 Sof 
[Cs teosotzerati 580 Tos 
NOTES: 


1. THREE LEADS 

2. pone oF PACKAGE UNCONTROLLED OUTSIDE 
THI 

3. (THREE LEADS) $b2 APPLIES BETWEEN Ly AND Lo 
¢b APPLIES BETWEEN La AND 12.70 MM ( 500") 
FROM THE SEATING PLANE. DIAMETER tS UN- 
CONTROLLED INL, AND BEYOND I2.70MM(500") 
FROM SEATING P'LANE. 


electrical characteristics: (25°C) (untess otherwise specified) 


Static Characteristics 
Collector Current, 
Veu = 40 Volts 
Ver = 40 Volts, Ta = 100°C 
Emitter Cutoff Current, 


View = 5 Volts 
Collector-Emitter Breakdown Voltage, 
I-=10mA 


Collector Saturation Voltage 
(Te = 10 mA, Ii He | mA) 
Base-Emitter Saturation Voltage 
(Ic =: 10mA, In = 1 mA) 
Base-Emitter Voltage 
(Ie = 2 mA, Ver= 10V) 
Forward Current Transfer Ratio 
(Ir = 2 mA, View = 5V) 
GES5824 
GES5825 
GES5826 
Dynamic Characteristics 
Gain Bandwidth Product 
(le = 2 mA, Ver = 10V, f = 10 MHz) 
Forward Current Transfer Ratio 
(1. = 2 mA, Vex = 5V,f = 1 KHz) 
GES5824 
GES5825 
GES5826 
Collector-Base Capacitance 
(Ver = 10V, f=1 MHz) 


Collector—Base Time Constant 
(Vce=10V, Ic—2mA, f=31.9 MHz) 


Registered values. 


rr Ce 


Min. 


40 
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Typ. 


65 


Max. Units 
50 nA 
10 uA 
50 nA 

Volts 
125 Volts 

.78 Volts 
9 Volts 
150 
200 
300 

250 MHz 

225 

300 

450 
4.0 pF 

psec. 


GES5824, 25, 26 
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Voce - COLLECTOR VOLTAGE - VOLTS 


- COLLECTOR VOLTAGE - VOLTS 


Vee 


GAIN BAND-WIDTH 
PRODUCT 
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- FORWARD CURRENT TRANSFER RATIO 


tre 


-FORWARD CURRENT TRANSFER RATIO 
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hpe~ FORWARD CURRENT TRANSFER RATIO 


FORWARD CURRENT 
TRANSFER RATIO 
vs. 


COLLECTOR CURRENT 
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1, > COLLECTOR CURRENT - mA 


Nee NORMALIZED TO 25°C VALUE 


TYPICAL ELECTRICAL CHARACTERISTICS 


GES5824, 25, 26 


hre Capacitance Icno 
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Ig — COLLECTOR CURRENT-mA 


TYPICAL SMALL SIGNAL CHARACTERISTICS 
f=1 KHz, Ven=10V, k= 2mA, Ta =25°C 


Symbol Characteristics GES5824 GES5825 GES5826 Units 
hic Input Resistance 1680 2480 3660 
hoe Output Conductance 8.2 W 
hre Forward Current Transfer Ratio 110 175 275 
fre Voltage Feedback Ratio 8.2 10.5 14.6 


h PARAMETERS vs. Vce 


h PARAMETERS vs. TEMPERATURE 


20, 


Ey 


h PARAMETERS NORMALIZED TO 25°C VALUE 
“ @ © 


fh PARAMETERS NORMALIZED TO 10 


Voce - COLLECTOR VOLTAGE - VOLTS Ta AMBIENT TEMPERATURE —*C 
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‘2mA VALUE 


hh PARAMETERS NORMALIZED TO 


esi 2 3 4 
le COLLECTOR CURRENT -mA. 


GES5824, 25,26 TYPICAL COMMON EMITTER “y” PARAMETERS 


Vog = 10V 
Ip =2mA 
Yre 
Yoe Yie Reverse 
Output Admittance Input Admittance Transfer Admittance 
vs. vs. vs. 
Frequency Frequency Frequency 
(INPUT SHORT CIRCUIT) (OUTPUT SHORT CIRCUIT) (INPUT SHORT CIRCUIT) 
he a so Tae 9 sa i 
g Ele CH 4 pt tT = | 
"200 aS 0S ae ae ; 
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TYPICAL 
COMMON EMITTER 


**y"" PARAMETERS 


f=250 KHz 


Yie 
Input Admittance 
vs. 
Collector Current 
(OUTPUT SHORT CIRCUIT) 
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GES5824, 25, 26 


Cc 


I¢ -COLLECTOR CURRENT-mA 
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COLLECTOR 
HARACTERISTICS 
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Silicon 
Transistor 


GES5827 


These silicon, planar, passivated, epitaxial transistors are intended to satisfy a broad range 
of general purpose signal level applications at audioand intermediate frequencies. 


Features: 


e Excellent Gain Linearity—particularly 
designed for operation in the 10 
microampere to 20 milliampere range. 


@ 2:1 DC gain ratio per group. 


® Low Collector Saturation Voltage 

@ Epoxy Encapsulation with Proved 
Reliability—excellent characteristic 
stability under environmental stresses, 
85°C—85% RH. 


absolute maximum ratings: (25°C) (untess otherwise specified) 


Voltages 
*Collector to Emitter 
*Emitter to Base 
*Collector to Base 


Current 
*Collector (continuous) 


Dissipation 
*Total Power (Free Air @ 25°C)” 
Total Power (Free Air @ 55°C) 


Temperature 


*Storage 

*Operating 

*Lead soldering, 46” + 142” from 
case for 10 secs. max. 


Vero 40 Volts 
Vino 5 Volts 
Veso 50 Volts 
To 100 mA 
Py 360 mW 
Py 260 mW 
Tsre —65 to +150 °C 
Ts —65 to +125 °C 
Ti +260 °C 


*Derate 3.60 mW/°C increase in ambient temperature above 25°C. 


NOTE 1 


| 
SEATING PLANE. BETWEEN ; 
250 ANO END OF LEAD A |) 
MAX. OF O21 1S HELD. 1 
t 

ALL DIMEN, IN INCHES i 
AND ARE REFERENCE 
UNLESS TOLERANCED. 


TO-I8 LEAD SPACING 


aa 
,080 
135 MIN =< 


electrical characteristics: 


STATIC CHARACTERISTICS 
*Collector Current (Vcs = 40V) 
(Vcr = 40V, T, = 100°C) 
*Emitter Cutoff Current (Ves = 5 Volts) 
*Collector-Emitter Breakdown Voltage 
(Ic = 10 mA) 
*Collector Saturation Voltage 
(Ic = 10 mA, Ins = 1 mA) 
Base-Emitter Saturation Voltage 
(Ic = 10 mA, In = 1 mA) 
*Base-Emitter Voltage 
(Ice = 2 mA, Ves = 10 V) 
*Forward Current Transfer Ratio 
(Ic =(2 mA, Vor | 5V) 


DYNAMIC CHARACTERISTICS 
Gain Bandwidth Product 
(Ic = 2mA, Vee = 10V, f = 10 MHz) 
*Forward Current Transfer Ratio 
(Ic = 2 mA, Ven = 5V, f = 1 KHz) 
*Collector-Base Capacitance 
(Ves = 10V,f = 1 MHz) 


Collector—Base Time Constant 
(VcE=10V, Ic=2mA, f=31.9 MHz) 


*indicates JEDEC registered values. 


(25°C) (unless otherwise specified) 


Min. Typ. 
Tcxo 
Toso 
Tso 
Viarycro 40 
Ver wat 
Vaz wan 
Van 5 
hre 250 
fr 90 
hre 250 
Cen 1.9 
re’ Ce 65 


Max Units 
50 nA 
10 pA 
50 nA 

Volts 
125 Volts 
78 Volts 
9 Volts 
500 
350 MHz 
750 
4.0 pF 
p sec. 


Capacitance vs. Voltage 
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Icso vs. Ambient Temperature 
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Normalized h Parameters vs. Ic 
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aoe [ “hie INPUT RESISTANCE 4900 OHMS |_| 
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Nee NORMALIZED TO 25°C VALUE 


60 -40 -20 0 20 40 60 80 100) = 120,—s«140 
Ta - AMBIENT TEMPERATURE-°C 


Forward Current Transfer Ratio vs. Collector Current 
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Silicon 
Transistor 


a 
——— 
These silicon, planar, passivated, epitaxial transistors are intended to satisfy a broad range p—— 


of general purpose signal level applications at audio and intermediate frequencies. 


Features: 


e® Excellent Gain Linearity—particularly ¢ Low Collector Saturation Voltage 


designed for operation in the 10 e Epoxy Encapsulation with Proved 
microampere to 20 milliampere range. Reliability—excellent characteristic 


e 2:1DC gain ratio per group. stability under environmental stresses, 
85°C—85% RH. 
. : E : ae EMITTER 
absolute maximum rati ngs: (25°C) (unless otherwise specified) 2 BASE 
Wai TO-92 3. COLLECTOR 
oltages MILLIMETERS | INCHES 
aoe ES 
Collector to Emitter Vero 40 Volts [svmeou MIN._| Max. | MIN. [Max NO 
Emitter to Base Veo e Volts |-s5-y“sart ee olor elo zal 13 
Collector to Base Vero 50 Volts |~¢b. [407] 482/016 019) 3 
$0 144501520 0/1 75) 205 
Current E [31 80f4i 90,125 "1 65) 
Collector (continuous) Ic 100 mA e [2.41 0/267 0/095) 165) 
ey 11 §0/1.395/045/ 055! | 
Dissipation j [3.430/4 320) 1 36,176 
L. jiz700| — [500] — 17,3 
Total Power (Free Air @ 25°C)® =P,» 360 mW uj — [| re7ol — Toso 3] 
Total Power (Free Air @ 55°C) Pr 260 mW t2 [6350] — 3 
Q 2.920 aa 
Temperature _s {2 T 
Storage Tsre —65 to +150 °C = NOTES: 
i 1. THREE LEADS 
il P Ts Ob ts Eee °C 3.cONTOUR OF PACKAGE UNCONTROLLED OUTSID 
Lead soldering, Vic” + 142” from eee eae } PPLIES BETWEEN Ly AND L 
° B.(THREE LEADS) db2 APPL! >. 
bees Tor 10 Seesonian, ue ane - gb APPLIES BETWEEN Lo AND I2 70MM ( 50% 
“ Derate 3.60 mW/°C increase in ambient temperature above 25°C. CONTROLLED IN Ly ANG BEYOND 1. 70 MM (8 
SS SS A A SS SE SS A SE Se mes es memes ees mee = FROM SEATING PLANE. —— 
electrical characteristics: (25°C) (unless otherwise specified) 
STATIC CHARACTERISTICS Min. Typ. Max. Units 
Collector Current (Vos = 40 Volts) Iczo 50 nA 
(Ves = 40 Volts, Ts = 100°C) Tczo 10 uA 
Emitter Cutoff Current (Ves = 5 Volts) Iino 50 nA 
Collector-Emitter Breakdown Voltage 
(Io = 10 mA) Viercero 40 Volt 
Collector Saturation Voltage 
(Ic = 10 mA, Is = 1 mA) Verwat 125 Volt 
Base-Emitter Saturation Voltage 
(Ic = 10 mA, Ip = 1 mA) Varwar -78 Volt 
Base-Emitter Voltage 
(Ic —2 mA, Ver = 10V) Vege 5 9 Volt 
Forward Current Transfer Ratio 
(Ic = 2mA, Ves = 5V) hrs 400 800 
DYNAMIC CHARACTERISTICS Min. Max. Units 
Gain Bandwidth Product 
Forward Current Transfer Ratio 
(Ic = 2mA, Vee = 5V,f=1 KHz) hr. 400 1200 
Collector-Base Capacitance | 
(Vcs = 10V,f = 1 MHz) Con 1.9 4.0 pF 
Collector—Base Time Constant | 
(Vce=10V, Ic=2mA, f=31.9 MHz) rp C. 65 P se 
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Silicon 
Transistors 


The General Electric GES6000 and GES6002 units are silicon NPN planar passivated, 
epitaxial devices designed primarily for high speed switching, low noise amplifier and 
core driver applications. Complementary PNP versions of these units are available and 
are designated as GES6001 and GES6003 respectively. 


Features 

@ Epoxy encapsulation with proved reliability. 

@ Performance comparable to hermetic units— 
excellent characteristic stability under environ- 
mental stresses—85°C—85% Relative Humidity. 


@ Low Vcecsat) 
@ Characterized for Industrial Service.* 
@ Low Noise Figure. 


absolute maximum ratings: (7. = 25°C, unless otherwise specified) 


GES6000 GES6002 
Voltages 
Collector to Emitter Voxo 25 25 Volts 
Collector to Emitter CES 35 85 Volts 
Emitter to Base Vero 5 5 Volts 
Collector to Base CBO 35 35 Volts 
Current 
Collector Ic 500 500 mA 
Collector (peak, pulsed 10 usec, 
SS 2% duty cycle) Ic 800 800 mA 
Dissipation 
Total Power (Tc S 25°C) Pr .800 .800 Watts 
Total Power (Ts S 25°C) Pr .400 .400 Watts 
Derate Factor (Tc = 25°C) 8.0 8.0 mW/°C 
Derate Factor (Ts = 25°C) 4.0 4.0 mW/°C 
Temperature 
torage T sre <—— —65 to +150 ————> °C 
Operating Ts ——  —65 to +125 ———-> °C 
Lead (%e” + Yo” from 
case for 10 sec.) Ti ———— +260 ——-—-—> °C 


electrical characteristics: (7, 


25°C, unless otherwise specified ) 


GES6000 

STATIC CHARACTERISTICS Symbol Min. Max. 
Collector-Emitter Breakdown Voltage 

(Ic = 10mA, In = 0) + Visrczo 25 
Emitter-Base Breakdown Voltage 

(Iz = 100zA, Ic = 0) VianzBo 5 
Collector-Base Breakdown Voltage 

(Ic = 100uA, Iz = 0) Visrcso 35 
Collector-Emitter Breakdown Voltage 

(Ic = 100uA, Vaz = 0) Visrces 35 
Collector-Emitter Saturation Voltage 

(Ie = 100mA, Il => 10mA) fF Veswar .200 
Base-Emitter Saturation Voltage 

(Ie = 100mA, Is = 10mA)+ Vercar -70 95 
Base-Emitter Voltage 

(Vee = 5V, Ic = 10mA) + Van .55 78 
Forward Current Transfer Ratio 

(Ven = 1V, Ic = 100uA) hre 40 

(Vez = 1V, Ic = 10mA)+ hrz 100 300 

(Vee = 1V, Ic = 100mA)+ hre 80 
Collector Cutoff Current 

(Vos = 25V, In = 0) Texc 10 

(Ves = 25V, In = 0, Ta = 100°C) CBO 10 
Emitter-Base Reverse Current 

(Vas = 3.0V, Ico = 0) Taso 20 


t Pulsed, 300usec, = 2% duty cycle 
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NOTES: 

1. THREE LEADS 

2.CONTOUR OF PACKAGE UNCONTROLLED OUTS 
THIS SIDE, 

3. (THREE LEADS) $b2 APPLIES BETWEEN Ly AND L 
¢b APPLIES BETWEEN L2 AND 12.70 MM (5 
FROM THE SEATING PLANE. DIAMETER |S | 
CONTROLLED IN L, AND BEYOND I2. 70MM 
FROM SEATING PLANE. 


GES6002 
Min. Max. 
25 Volts 
5 Volts 
35 Volts 
35 Volts 
.200 Volts 
-70 95 Volts 
55 78 Volts 
80 
200 500 
150 
10 nA 
10 pA 
20 nA | 


GES6000, 02 


DYNAMIC CHARACTERISTICS GES6000 GES6002 
Min. Typ. Max. Min. Typ. Max. 
Forward Current Transfer Ratio 
(Ie= 1mA, Vez = 10V, f = 1KHz) hte 60 450 130 750 
Input Impedance 
Ins= 1mA, Vez = 10V, f = 1KHz) hie 1.2 4 13 2.5 9 20 Kohms 
Output Conductance 
(Iz = I1mA, Vez = 10V, f = 1KHz) Noe 10 50 15 70 umhos 
Voltage Feedback Ratio 
iIe= 1mA, Vos = 10V,f = 1KHz) hye 9 20 x10“ 
Collector-Base Capacitance 
(Ves = 10V, In = 0, f = 1 MHz) Cen 3.9 6.0 3.9 6.0 pF 
Emitter-Base Capacitance 
(Ves = 0.5V, Ic = 0, f = 1 MHz) Cev 15 20 13 18 pF 
Gain-Bandwidth Product 
Vee = 10V, In = —10mA, f = 100 MHz) fr 125 250 500 140 260 560 MHz 
Noise Figure 
Vee=5V,In= 100nA, BW = 15.7KHz, Rs = 5K OQ, NF 3 2 dB 


f = 10 Hz to 10KHz) 
Delay Time —See Figure 1 


(Veco = 80V, Ic(on) = 150mA, Ini = 15mA, Vez (off) = OV) ta vi q nsec 
Rise Time —See Figure 1 

(Voc = 80V, Ic(on) = 150mA, Ini = 15mA, Voz (off) = OV) t- 12 12 nsec 
Storage Time—See Figure 2 

(Voc = 380V, Ic(on) = 150mA,Isi=15mA,Igpz= 15mA) ts 170 200 nsec 
Fall Time —See Figure 2 

(Veco = 30V, Ic(on) = 150mA, Ini: = 15mA,Is2 = 15mA) te 35 50 nsec 


TO OSCILLOSCOPE 


<1 
Laue he 2% ay F,> 100k OHMS 
Wl ns { 
TO OSCILLOSCOPE 200 
tr S Ins ov 
16V Rj =. 100K OHMS 
IK Cs 
ad 200 Voc? 30V 
| fie LL ™ -3V 
ul tp<2ns -4 eax 
Vec = 30V C,* TOTAL SHUNT CAPACITANCE FIXTURE, CONNECTORS AND PROBE = |OpF 
FIGURE 1. DELAY AND RISE TIME EQUIVALENT CIRCUIT FIGURE 2. STORAGE AND FALL TIME EQUIVALENT CIRCUIT 
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Silicon 
Transistors 


The General Electric GES6001 and GES6003 units are silicon PNP planar passivated 
epitaxial devices developed primarily for high speed switching and general purpose 
amplifier applications where ultra low noise characteristics are desirable. Complemen- 
tary NPN versions of these types are available and are designated as GES6000 and 
GES6002 respectively. 


Features 

¢ Epoxy encapsulation with proved reliability ¢ Low Ver (sat) 

e Performance comparable to hermetic units — ¢ Characterized for Industrial Service* 
excellent characteristic stability under environ- 
mental stresses — 85°C — 85% Relative Humidity. ¢ Low Noise Figure. 


*Voltage and Current Values for PNP are negative: Observe Proper Bias Polarity. 


absolute maximum ratings: (7. = 25°, unless otherwise specified) 


Voltages GES6001 GES6003 
Collector to Emitter Voro 25 25 Volts 
Collector to Emitter Vers 35 35 Volts 
Emitter to Base Vero 5 5 Volts 
Collector to Base Vero 35 35 Volts 
Current 
Collector Ic 500 500 mA 
Collector (peak, pulsed 10 usec, 
= 2% duty cycle) Ic 800 800 mA 
Dissipation 
Total Power (Tc = 25°C) Pr .800 .800 Watts 
Total Power (Ta = 25°C) Py .400 400 Watts 
Derate Factor (Tc = 25°C) 8.0 8.0 mW/°C 
Derate Factor (Ts = 25°C) 4.0 4.0 mW/°C 
Temperature 
Storage Tsra —— —65 to +150 ——__> °C 
Operating Ts <——  —65 to +125 ——-—> °C 
Lead (%.6” + Yo” from 
case for 10 sec.) Ti ——— 4260 ——____> °C 


electrical characteristics: (1, = 25°, unless otherwise specified) 


GES6001 

STATIC CHARACTERISTICS Symbol Min. Max. 
Collector-Emitter Breakdown Voltage 

(Ile= 10mA, Is = 0)+ Visrceo 25 
Emitter-Base Breakdown Voltage 

(le = 100uA, Ic = 0) Visryeno 5 
Collector-Base Breakdown Voltage 

(Ic= 100uA, In = 0) Vesmcso 35 
Collector-Emitter Breakdown Voltage 

(Ic = 100A, Vex = 0) Viances 35 
Collector-Emitter Saturation Voltage 

(Ic => 100mA, Ip — 10mA)fF Voewat 400 
Base-Emitter Saturation Voltage 

(Ie = 100mA, In = 10mA)+ Vassar 75 1.0 
Base-Emitter Voltage 

(Vee= 5V,Ic= 10mA) + Vee 55 .80 
Forward Current Transfer Ratio 

(Vee = 1V,Ic= 100nA) hire 50 

(Vex = 1V,Ic= 10mA)+ hrr 100 300 

(Vcr = 1V,Ic= 100mA) 7 here 60 
Collector Cutoff Current 

(Ves = 25V,In = 0) Icro 10 

(Ves => 25V, Te => 0, Ta = 100°C) Iczo 10 
Emitter-Base Reverse Current 

(Vexs= 3.0V,Ic = 0) Ipzo 20 


t—Pulsed, 300usec. = 2% duty cycle 
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NOTES: 

1. THREE LEADS 

2.CONTOUR OF PACKAGE UNCONTROLLED OUTSIL 
THIS SIDE. 

3. (THREE LEADS) ¢b2 APPLIES BETWEEN Ly AND Lo 
¢b APPLIES BETWEEN Lo AND 12.70 MM (.50 
FROM THE SEATING PLANE. DIAMETER IS UI 
CONTROLLED INL, AND BEYOND 12. 70MM (: 
FROM SEATING PLANE. 


GES6003 
Min. Max. 
25 Volts 
5 Volts 
35 Volts 
35 Volts 
-400 Volts 
.75 1.0 Volts 
.55 .80 Volts 
100 
200 500 
110 
10 nA 
10 pA 
20 nA 


DYNAMIC CHARACTERISTICS 


Forward Current Transfer Ratio 


(Is = lmA, Ver = 10V, f= IKHz) hte 
Input Impedance 
(Is = 1lmA, Vee= 10V, if = 1KHz) hie 
Output Conductance 
(le = lmA, Vor => 10V, f= 1KHz) Noe 
Voltage Feedback Ratio 
(Is = 1mA, Vee= 10V, = 1KHz) Tre 
Collector-Base Capacitance 
(Ver = 10V, Inp= 0, f=1 MHz) Cop 
Emitter-Base Capacitance 
(Ves = 0.5V, Ic= 0, f=1 MHz) Cen 
Gain-Bandwidth Product 
(Vex = 10V, In = 10mA, f= 100 MHz) fr 
Noise Figure 
(Vee = 5V,In = 100nA, BW = 15.7KHz, Rs = 5KQ, 
f = 10 Hz to 10KHz) NF 
Delay Time see figure 1 
eco 380V,Ic(on) = 150mA,Ins,. = 15mA, 
Vas (off) — Ov) ta 
Rise Time — see figure 1 
(Veo= 80V,Ic(on) = 150mA,In, = 15mA, 
Vas (off) = OV) t: 
Storage Time — see figure 2 
| (Vcc = 80V,Ic(on) = 150mA,Isi1= 15mA, 
In = 15mA) ts 
Fall Time — see figure 2 
(Vcc = 80V,Ic(on) = 150mA,Is:— 15mA, 
In2 = 15mA) tr 
TO OSCILLOSCOPE 
ty Sins 
=| teS2ns hie ne R; 2100K 
a 200 
I6V sited 
zl P.W. = 200ns Meer not 


FIGURE 1. DELAY AND RISE TIME EQUIVALENT CIRCUIT 


GES6001, 03 


GES6001 GES6003 
Min. Typ. Max. Min. Typ. Max. 
75 450 235 750 
1.5 q 17 3 10 25 Kohms 
45 100 75 150 umhos 
10 20 x10—-4 
45 8.0 4.5 8.0 pF 
17 25 15 20 pF 
225 340 500 240 400 560 MHz 
3 1.5 dB 
3 3 nsec 
13 13 nsec 
130 150 nsec 
25 50 nsec 
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FIGURE 2. STORAGE AND FALL TIME EQUIVALENT CIRCUIT 
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Silicon 


Transistors GES6004 


GES6006 


—j}- 
The General Electric GES6004 and GES6006 units are NPN silicon, planar passivated, j : ey 
epitaxial devices specifically developed for higher voltage general purpose amplifier and (aa a 


switch applications in industrial applications. PNP versions of these units are available 
and are designated GES6005 and GES6007 respectively. 


one Z 
ly $b $b zi 
__h Q tonal a 
; ‘ peer f ‘ : A L 
@ Epoxy encapsulation with proved reliability. @ Characterized for Industrial Service. 
@ Performance comparable to hermetic units— @ Low Noise Figure. SEATING PLANE |LEMITTER 


Features 
excellent characteristic stability under environ- @ 40V ‘sryceo—Maximum voltage rating. 2. BASE 
mental stresses—85°C—85% Relative Humidity. TO-92 3. COLLECTOR 


@ Low VcEewsar 


absolute maximum ratings:. (7, = 25°C, unless otherwise specified) 

Voltages GES6004 GES6006 
Collector to Emitter Vero 40 40 Volts 
Collector to Emitter Vers 50 50 Volts 
Emitter to Base Vepo 5 5 Volts 
Collector to Base Veo 50 50 Volts 

Current 
Collector Ic 500 500 mA 
Collector (peak, pulsed 10 usec, 

= 2% duty cycle) Ic 800 800 mA 

Dissipation 
Total Power (Tc S 25°C) Pr .800 .800 Watts 
soul Hower mar Pr .400 -400 Watts Noles ibe 

t = 25° ‘ i ° LT u 
Derat Factor ES = 3BeC) ; : ; c mes 2.CONTOUR OF PACKAGE UNCONTROLLED OUTSIDE 
= : - 4 ; 

Temperature 3.(THREE LEADS) $b2 APPLIES BETWEEN Ly ANOLo. . 
Storage Tste —<——- —65 to +150 ———->» °C $b APPLIES BETWEEN Lo AND 12.70 MM (.500") 
Operating T; <—~ —65to +125 ——— °c FROM THE SEATING PLANE. DIAMETER IS UN- 
Lead (Y%6” + 44” from CONTROLLED IN L, AND BEYOND 12.70 MM (.500") 

case for 10 sec.) Tu. <———_— +4260 —_____, °c FROM SEATING PLANE. 


electrical characteristics: (1, = 25°C, unless otherwise specified) 


GES6004 GES6006 

STATIC CHARACTERISTICS Symbol Min. Max. Min. Max. 
Collector-Emitter Breakdown Voltage 

(Io = 10mA, In = 0)t Vispceo 40 40 Volts 
Emitter-Base Breakdown Voltage 

(Ig = 100nA, Ic = 0) VisrEBo 5 5 Volts 
Collector-Base Breakdown Voltage , 

(Te = 100zA, Ip = 0) Visrcso 50 50 Volts 
Collector-Emitter Breakdown Voltage 

(Io = 100uA, Vaz = 0) Visrces 50 50 Volts 
Collector-Emitter Saturation Voltage 

(Ic = 100mA, In = 10mA) + Versa .200 .200 Volts 
Base-Emitter Saturation Voltage 

(Ic = 100mA, Ip = 10mA) + Vanwar .70 95 -70 -95 Volts 
Base-Emitter Voltage 

(Vez = 5V, Ic = 10mA) + Vee -55 .78 55 78 Volts 
Forward Current Transfer Ratio 

(Vez = 1V, Ic = 100uA) hrs 40 80 

(Voz = 1V,Ic = 10mA) Ff Tre 100 300 200 500 

(Vox = 1V, Ic = 100mA) + her 80 150 
Collector Cutoff Current 

(Vocs — 25V, Te = 0) Iczo 10 10 nA 

(Ves = 25V, Iz = 0, Ta = 100°C) Tcso 10 10 BA 
Emitter-Base Reverse Current 

(Ves — 3.0V, Ice = 0) Inno 20 20 nA 


ft Pulsed, 300usec, = 2% duty eycle 
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GES6004 GES6006 

DYNAMIC CHARACTERISTICS Min. Typ. Max. Min. Typ. Max. 
Forward Current Transfer Ratio 

(Ie= 1mA, Vcr = 10V, f = 1KHz) hee 60 450 130 750 
Input Impedance 

(Is= I1mA, Vee = 10V, f = 1KHz) hie 1.2 4 13 2.5 9 20 Kohms 
Output Conductance 

(Ie = 1mA, Vee = 10V, f = 1KHz) Noe 10 50 15 710 umhos 
Voltage Feedback Ratio 

(Ie = 1mA, Ves = 10V, f = 1KHz) hye 9 20 x10 
Collector-Base Capacitance 

(Vcs = 10V, In = 0, f = 1 MHz) Cor 4.2 6.0 4.2 6.0 pF 
Emitter-Base Capacitance 

(Ves = 0.5V, Ic = 0, f = 1 MHz) Cor 15 20 14 18 pF 
Gain-Bandwidth Product 

(Vee = 10V,Is = 10mA, f = 100 MHz) fr 125 250 500 140 260 560 MHz 
Noise Figure 

(Vcr =5V,Iz = 100nA, BW = 15.7KHz, Rs = 5KQ, 

f = 10 Hz to 10KHz) NF 3 2 dB 

Delay Time—-See Figure 1 

(Vcc = 80V, Ic(on) = 150mA, Is: = 15mA, Var (off) = OV) ta vi qT nsec 
Rise Time—See Figure 1 

(Vee = 80V, I-(on) = 150mA, Is: = 15mA, Var(off) = OV) t. 12 12 nsec 
Storage Time —-See Figure 2 

(Veco = 30V, Ic(on) = 150mA,Isi1= 15mA,Is: = 15mA) t, 150 190 nsec 
Fall Time—See Figure 2 

(Veco = 80V, Ic(on) = 150mA,Is; = 15mA,Is2 = 15mA) te 30 50 nsec 

PW. > Tus 
f TO OSCILLOSCOPE 
1av trs 


< Ins 
DUTY CYCLE 22% R,;2 100K OHMS 


PW, 2 200ns | | 
200 


TO OSCILLOSCOPE 
tr & Ins lev 


16V | Rj = 100K OHMS ' 
IK os coh 


oh 200 
| t+ —ps 
PK f —#! 


Vee = 30V C,= TOTAL SHUNT CAPACITANCE FIXTURE, CONNECTORS AND PROBE = 1O0pF 
FIGURE 1. DELAY AND RISE TIME EQUIVALENT CIRCUIT FIGURE 2. STORAGE AND FALL TIME EQUIVALENT CIRCUIT 
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Silicon 
Transistors 


The General Electric GES6005 and GES6007 units are silicon PNP planar passivated 
epitaxial devices developed specifically for high speed switching and general purpose 
amplifier applications where ultra low noise characteristics are desirable. Complemen- 
tary NPN versions of these units are available and are designated as GES6004 and 


GES6006 respectively. 


aan EES | 
Features ty ONE; cal 
¢ Epoxy encapsulation with proved reliability ¢ Characterized for Industrial Service® Q Lol E 
A Li 
¢ Performance comparable to hermetic units -~- SEATING PLANE !EMITTER 
excellent characteristic stability under environ- ¢ Low Noise Figure. 2. BASE 
mental} stresses -— 85°C — 85% Relative Humidity. To-92 3. COLLECTOR 


¢ Low Venu (sar) © 40VGarniero — Maximum voltage rating. 

*Voltage and Current paneer PNP are bapiguval Observe Proper Bias Polarity. wn) wae | iN Ge NOTES 

absolute maximum ratings: (1. = 25°, unless otherwise specified) ree eee ee 

Voltages GES6005 GES6007 40 u 482i[oi6loi9s] 3 
Collector to Emitter Vero 40 40 Volts 4 751. 
Collector to Emitter Vers 50 50 Volts [ 125 
Emitter to Base Vino 5 5 Volts 
Collector to Base Vero 50 50 Volts 

Current 
Collector Ie 500 500 mA 
Collector (peak, pulsed 10 usec, 

= 2% duty cycle) Tc 800 800 mA 

Dissipation 

Total Power (Ty = 25°C) Pr 800 .800 Watts ; 
Total Power (Tr = 26°C), Pr 400 400 Watts NTHEEE CE RSE 

erate Factor (Tc = 25° 8.0 8.0 mW/°C 2.CONTOUR OF PACKAGE UNCONTROLLED OUTSIDE 
Derate Factor (Ts = 25°C) 4.0 4.0 mW/°C oy THIS SIDE. 

Temperature 3.(THREE LEADS) db2 APPLIES BETWEEN L; AND Lo. * 
Storage Tse 65 t 150 iS ¢b APPLIES BETWEEN L2 AND !2.70 MM (.500") 
Dodie BS eae 00 OO oO FROM THE SEATING PLANE. DIAMETER 1S UN- 
Dean nea es Ti <—~—— —65 to +125 —> °C CONTROLLED. iN Ly ANO BEYOND 12.70MM(500") 

‘6 = AQ AT : 
case for 10 sec.) Tr <—————-— +260 ———> °C 


electrical characteristics: (Ts = 25°, unless otherwise specified) 


GES6005 GES6007 
STATIC CHARACTERISTICS Symbol Min. Max. Min Max. 
Collector-Emitter Breakdown Voltage 
(le = 10mA, I; = 0) + Viswecro 40 40 Volts 
Emitter-Base Breakdown Voltage 
In= 100A, Ic = 0) Visreno 5 5 Volts 
Collector-Base Breakdown Voltage 
(e= 100uA,Iy = 0) Vingcro 50 50 Volts 
Collector-Emitter Breakdown Voltage 
(Ic = 100zA, Vix = 0) Vinwcrs 50 50 Volts 
Collector-Emitter Saturation Voltage 
(Ie = 100mA,In = 10mA)F Verwar -400 .400 Volts 
Base-Emitter Saturation Voltage 
(Ie = 100mA, In= 10mA) + Varwar 75 1.0 75 1.0 Volts 
Base-Emitter Voltage 
Vern = 5V, lem 10mA)+ Vie .55 .80 55 .80 Volts 
Forward Current Transfer Ratio 
Ver = Vv, Ic = 100uA) hee 50 100 
(Ven = 1V,Ie= 10mA)+ her 100 300 200 500 
(Ven = W,Ie= 100mA) 7 hep 60 110 
Collector Cutoff Current 
(Ven = 25V, I; = 0) Toro 10 10 nA 
(Vex = 25V, 1; = 0, T, = 100°C) Teno 10 10 pA 
Emitter-Base Reverse Current 
(Vin = .38.0V, Ie = 0) Tino 20 20 nA 


+—Pulsed, 300usec. = 2% duty cycle 
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DYNAMIC CHARACTERISTICS 


Symbol 
Forward Current Transfer Ratio 
(lz = lmA, Vex = 10V, f = 1KHz) hr 
Input Impedance 
(Ur: = lmA, Ver = 10V, f= 1KHz) hie 
Output Conductance 
(I: = ImA, Ver = 10V, f= KHz) Rue 
Voltage Feedback Ratio 
(In = lmA, Ver = 10V, f= 1KHz) Tre 
Collector-Base Capacitance 
(Ver = 10V, Tr = 0, f=1 MHz) Cou 
Emitter-Base Capacitance 
(Ven = 0.5V, es 0, f=1 MHz) Cour 
Gain-Bandwidth Product 
(Ver = 10V, Ins 10mA, f = 100 MHz) fr 
Noise Figure 
(Ven 5V, In = +100KA, BW = 15.7 KHz, 
Rs =5K2, f = 10 Hz to 10KHz) NF 
Delay Time —- see figure 1 
(Veo= 80V,Ie(on) = 150mA, In = 15mA, 
Vu (off) = OV) ta 
Rise Time — see figure 1 
(Vee= 80V,Ie(on) = 150mA,In = 15mA, 
Vine (off) = OV) tr 
Storage Time —— see figure 2 
(Vie = 80V,Ie(on) = 150mA,Iy, = 15mA, 
Tw = +15mA) ts 
Fall Time -—- see figure 2 
(Vee = 80V,Ie(on) = 150mA,In = 15mA, 
ra +15mA) te 
TO OSCILLOSCOPE 
tr Sins 
te<2ns \ Ry 2 100K 
1K c 
a aa 200 
{6V a2) 
P.W. = 200ns peers? 


FIGURE 1. DELAY AND RISE TIME EQUIVALENT CIRCUIT 
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GES6005 GES6007 
Min. Typ. Max, Min. = Typ. Max. 
15 450 150 750 
1.5 7 17 3 10 25 Kohms 
45 60 15 150 umhos 
12 24 x10—-4 
4.5 8 4.5 8 pF 
17 25 15 20 pr 
225 340 500 240 400 560 MHz 
3 1.5 dB 
3 3 nsec 
13 13 nsec 
130 150 nsec 
25 50 nsec 
te S2ns—4 a — 
ple Re PoceLORCOre 
16V R; 2 100K 
+ 200 
| -14V 
Bie ees Vee 2-30V 
be PW2 Is —+4 m 3V 


C, = TOTAL SHUNT CAPACITANCE FIXTURE, CONNECTORS, AND PROBE = |OpF 
FIGURE 2. STORAGE AND FALL TIME EQUIVALENT CIRCUIT 
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BETA VS. COLLECTOR CURRENT 
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Te COLLECTOR CURRENT ma 


BETA VS. COLLECTOR CURRENT 


a a 
T,:COLLECTOR CURRENT-ma 


NORMALIZED FORWARD CURRENT 
TRANSFER RATIO VS. COLLECTOR 
CURRENT 
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Silicon 
Transistors 


The General Electric GES6010 and GES6012 devices are silicon, NPN, planar epitaxial 
passivated transistors designed primarily for high level linear amplifiers or medium 
speed switching circuits and are especially suited for industrial control applications. 
Complementary PNP versions of these types are available and are designated as 


GES6011 and GES6013 respectively. 


Features 

@ Epoxy encapsulation with proved reliability. 

@ Performance comparable to hermetic units— 
excellent characteristic stability under _environ- 
mental stresses—-85°C-—85% Relative Humidity. 

@ 500 mw Power Dissipation. 


wl 
i A [> E- 
@ Integral Heat Sinks available—Up to 1 W 

Power Dissipation. Order as GES6010-Jletc. 
@ Beta hold-up out to 800 mA. 
@ 40 Volt syvcro ratings. 


e@ Integral Heat Sinks available—Up to 1 


|. EMITTER 
2. BASE 


TO-92 3. COLLECTOR 


Power Dissipation. oe MILCIMETERS | INCHES nores 
absol ute maximum rati NGS: (Ts = 25°C, unless otherwise specified) Ss 4328 5.330, 17 0} 21 of 
Volta GES6010 GES6012 fa 

ges : ¢0 _ |4: 
Collector to Emitter Vero 40 40 Volts TE 
Collector to Emitter Vers 50 50 ~—s- Volts 
Emitter to Base EBO 5 5 Volts ; 
Collector to Base CBO 50 50 Volts 
Current 
Collector Te 800 800 mA 
Collector (peak, pulsed 10 usec, 
SS 2% duty cycle) I, 1500 1500 mA 
Dissipation 
Total Power Ts < 25°C Pr .500 .500 Watts REFERENCE 
Derating Factor Ts = 25°C 4 4 mW/°C PLAN 
Total Power T, < 25°C Heatsink Pr 625 -625 Watts fete 
Total Power Tc < 25°C Heatsink Pr 1.0 1.0 Watts L 7 
Derating Factor T, = 25°C Heatsink 5 5 mWw/°C "1 h 
Derating Factor To => 25°C Heatsink 8 8 mW/°C La 
Temperature Eye Si i 
Storage Tstro <—— —65 to +150 ——> °C MOUNTING 7 SN, Ff | CL 3 
Operating T; << — —65to +150 ——> °C SURFACEN.] , bee aa | 
Lead (%6” + 42” from 2| 0 ett : i 
case for 10 sec.) Tr «—— +260 ———> °C 1 Te : bea 


electrical characteristics: (1. = 25°C, unless otherwise specified) 


GES6010 GES6012 cr c 
STATIC CHARACTERISTICS Symbol Min. Max. Min. Max. [ = a 
Collector-Emitter Breakd Volt q 
“is= imac ye Vance 40 40 Volts i 
Emitter-Base Breakdown Voltage LEMITTER i 
(Ie = 100uA, Ic = 0) Visnyepo 5 5 Volts ol F - 2 BASE a 
Collector-Base Breakdown Voltage S.COLLECTOR 
(Ic = 100uA, In = 0) Vapcso 50 50 Volts TO-92. 
Collector-Emitter Breakdown Volt F 
NASIR ero Vous 600 Volts ne RUNES Te 
Collector-Emitter Saturation Voltage at = Te6esol — 1263l 
(Ic = 100mA, In = 10mA)f Verwar -130 130 Volts ‘7 & = ioi6o; — [400 
(Ic = 500mA, In = 50mMA)t Versa .500 .500 Volts b 407, 533/016,o21] 1 
Base-Emitter Saturation Voltage a AO id if as Ko) 16 ole 
(Ie = 100mA, Is = 10mA)+ Vaeiwar .70 88 70 88 Volts 7 ZASOTEPEEOTOOSTIOS 
(Ie = 500mA, In = 50mA) + RECSAT) .80 1.0 80 1.0 Volts a 11 50 139 510451055 
Base-Emitter Voltage F ——[3.550;) - [140 
Vou = 5V, Ic = 10mA)+ Var -55 75 55 -75 Volts h 1.5 ie REF. 2 65 REF. 
Forward Current Transfer Ratio L_ W!2.70 =| —_| 
(Vor =1V,Io= 100uA) hr 45 70 ee ee 
(Ver = 1V, Ic = 10mA) + hes 100 800 200 500 dp | - (3630) — [145] 2 
(Vee = 1V, Ic = 100mA) ¢ hep 85 170 q 3960 REF |.156 REF. 
(Vem = 2V,Ic = 500mA)} hyn 25 40 4 [2.210 REF. |167 REF. 
Collector Cutoff Current r ~— |[3.960/ — [156 
(Ves = 25V, In = 0) cso 10 10 nA NOTES: 
Emitter-Base Reverse Current I.(THREE LEADS) db2 APPLIES BETWEEN Lj AND Lo. pb APPLII 
(Vus = 3.0V, Ic = 0) Izzo 20 20 nA BETWEEN L2 & .5"(12.70MM) FROM REFERENCE PLANE. 


f Pulsed, 300usec, = 2% duty cycle 


DIAMETER !S UNCONTROLLED IN Ly AND BEYOND.5"(12.70MMV 
FROM REFERENCE PLANE. 

2.MOUNTING HOLE IS FOR #4 SCREW. HOLE WILL ACCEPT 4 
13" (2,87MM) DIAMETER PIN INSERTED PERPENDICULAR 
TO THE MOUNTING SURFACE. | 
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GES6010 GES6012 
DYNAMIC CHARACTERISTICS Min. Typ. Max. Min. — Typ. Max. 
Forward Current Transfer Ratio 
(Is= i1mA, Voz = 10V, f = 1KHz) hee 65 450 130 750 
Input Impedance 
(In = 1mA, Vcz = 10V, f = 1Hz) hte 1.5 12 2.5 20 Kohms 
Output Conductance 
(Is = 1mA, Voce = 10V, f = 1KHz) hoe 45 70 umhos 
Collector-Base Capacitance 
(Vea = 10V, Iz = 0, f = 1 MHz) Con 10 10 pF 
Emitter-Base Capacitance 
Ves = 0.5V, Ic = 0, f = 1 MHz) Ce 50 45 pF 
Gain Bandwidth Product 
(Ver = 10V,In = 10mA,f = 100 MHz) fr 105 835 135 425 MHz 
Noise Figure 
(Ves = 5V,Ie= 1002A, BW = 15.7KHz, Rs = 5KQ, NF 5 3 dB 
f = 10 Hz to 10KHz) 
elay Time —See Figure 1 
(Veco = 30V, Ic(on) = 150mA, In: = 15mA, Vaz (off) = OV) ta 12 12 nsec 
ise Time —See Figure 1 
(Voc = 30V, Ic(on) = 150mA, In. = 15mA, Var(off) = OV) te 25 25 nsec 
forage Time —See Figure 2 
(Voc = 80V, Ic(on) = 150mA, Ini = 15mA,Is2= 15mA) ts 300 350 nsec 
‘all Time —See Figure 2 
(Vcc = 80V, Ic(on) = 150mA, In. = 15mA,Ip2 = 15mA) te 100 150 nsec 


TO OSCILLOSCOPE 
tre 
DUTY CYCLE = 2% = H,> 100K OHMS 
PW. > 200ns 
TO OSCILLOSCOPE 200 
tr & Ins fey 
i6Vv Ri = 100K OHMS 
IK les 
aS 200 Vec=30V 
ty ps 
| trS2ns ~—4 res |. 
Vec = 50V C,= TOTAL SHUNT CAPACITANCE FIXTURE, CONNECTORS AND PROBE + IOpF 
FIGURE 1. DELAY AND RISE TIME EQUIVALENT CIRCUIT FIGURE 2. STORAGE AND FALL TIME EQUIVALENT CIRCUIT 
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Silicon 
Transistors 


The General Electric GES6011 and GES6013 devices are silicon PNP, planar epitaxial 
passivated transistors specifically designed for high level linear amplifiers or medium 
speed switching circuits, and are especially suited for industrial control applications. 
Complementary NPN versions are available and are designated as GES6010 and 
GES6012 respectively. 


*Voltage and Current Values for PNP are negative: Observe Proper Bias Polarity. 


Features 
© Epoxy encapsulation with proved reliability e Excellent Beta Linearity over extremely wide 
¢ Performance comparable to hermetic units — current ranges 


excellent charactistic stability under environ- 
mental stresses—-85°C—85% Relative Humidity. 


500 mw Power Dissipation 


Beta hold-up out to 800 mA 
40 Volt —V cancro ratings 


* Integral Heat Sinks available—Up to 1 W 
Power Dissipation. Order as GES6011-J1 etc. 


absolute maximum ratings: (Ta = 25°C, unless otherwise specified) 


Voltages GES6011 GES6013 
Collector to Emitter Voro 40 40 Volts 
Collector to Emitter Vers 50 50 Volts 
Emitter to Base Vepo 5 5 Volts 
Collector to Base Veso 50 50 Volts 

Current 
Collector Tc 800 800 mA 


Collector (peak, pulsed 10 psec, 


= 2% duty cycle) Ic 1500 1500 mA 
Dissipation 
Total Power T, << 25°C Pr -500 .500 Watts 
Derating Factor Ts = 25°C 4 4 mw/°Cc 
Total Power T, < 25°C Heatsink Pr .625 .625 Watts 
Total Power T, < 25°C Heatsink Pr 1.0 1.0 Watts 
Derating Factor T, => 25°C Heatsink 5 5 mW/°C 
Derating Factor Tc = 25°C Heatsink 8 8 mW/°C 
Temperature MOUNTING 
Storage Tsre <_—_—— — 65 to +150 —> °C SURFACE 
Operating T; <«<——— —65 to +150 —> °C ‘l 
Lead (%46” + Yo” from 
case for 10 sec.) TL <———~—— +260 ——-> °C 
electrical characteristics: (1: = 25°C, unless otherwise specified) 
GES6011 GES6013 
STATIC CHARACTERISTICS Symbol Min. Max. Min. Max. Sir 
Collector-Emitter Breakdown Voltage 
(Ie = 10mA, Is = 0) t Vosrcro 40 40 Volts 
Emitter-Base Breakdown Voltage 
(Is — 100uA, Ic — 0) Vise EBo 5 5 Volts —»| 


Collector-Base Breakdown Voltage 


(Ic — 100A, IL= 0) Vaspcso 50 50 Volts 
Collector-Emitter Breakdown Voltage 

(Ic = 100uA, Vax = 0) Vewees 50 50 Volts Cs 
Collector-Emitter Saturation Voltage 

(Ic = 100mA.Is = 10mMA)F} Verwam -300 300 = =©Volts 

(Ic = 500mA,In = SOmA)+ Vescam .750 -750 Volts 


Base-Emitter Saturation Voltage 
(Ie= 100mA,In= 10mA)} Varisarn -70 .95 70 95 Volts 
(Io = 500mA,Is = S5SOmA)t Vascan 80 61.10 .80 1.10 Volts 


Base-Emitter Voltage 


Vee= 5V,Ic= 10mA)f+ Vase 55 TT 55 .77 ~~ Volts 


Forward Current Transfer Ratio 


(Vor = 1V, Ic = 100unA) hre 60 120 
(Vcr = 1V,Ic= 10mA)¥+ hre 100 300 200 500 
(Vee = 1V,Ic= 100mA)fF fre 75 150 
(Vce = 2V,Ic= 500mA) T hre 45 80 
Collector Cutoff Current 
(Vcs = 25V, Is = 0) Icso 10 10 nA 
Emitter-Base Reverse Current NOTES: 
(Ves = 3.0V, Io = 0) Teso 20 20 nA 


+Pulsed, 300 usec, = 2% duty cycle 


L 
SEATING PLANE 


TO-92 


MILLIMETERS 


E 
| EMITTER 


2. BASE 


3. COLLECTOR 


INCHES 


52001. 


c 
L EMITTER 
2. BASE i 
3.COLLECTOR tea] 
TO-92 
MILLIMETERS | INCHES 
SYMBOL ain, | MAX. | MIN, [MAX,|NO 
A ~ [6680| — [263 
z) = jloré6o| — [400 
[$b 407] 533/016[02) 
$b2 | 407] 482/016[019 
C = [13200] — [526 
e  |2420|2660/.095|105 
Ler [1150[1.395[.045/055 
F = [3.550| — [140 
h_ (1570 REF. [062 REF 
Ll fiz7oo] — [soo] — 171 
Ui = |[1270/ — [oso | 
t2_ [6.350] — [2s5o0/ —[ 1 
$p = 3.63530| — [145] % 
q (3960 REF. |.156 REF| _ 
a [2.210 REF. | 187 REF. 
‘1 — [3.960] — [156 


|.(THREE LEADS) ¢b2 APPLIES BETWEEN Ly AND La. $b APF 
BETWEEN L2 & .5"(12,70MM) FROM REFERENCE PLANE. 


= DIAMETER IS UNCONTROLLED IN L, AND BEYOND.5"(12.708 
FROM REFERENCE PLANE. 

2.MOUNTING HOLE IS FOR #4 SCREW. HOLE WILL ACCEP" 

113" (2.87MM) DIAMETER PIN INSERTED PERPENDICULA 

TO THE MOUNTING SURFACE. 
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DYNAMIC CHARACTERISTICS 


GES6011 GES6013 
Min. Typ. Max. Min. Typ. Max. 

Forward Current Transfer Ratio 

(Ie = 1mA, Vez = 10V, f = IKHz) hee 80 450 160 750 
Input Impedance , 

(In = 1mA, Ver = 10V,f = 1KHz) hie 1.5 15 2.5 30 Kohms 
Output Conductance 

(Ie = 1mA, Vex = 10V, f = IKHz) Noe 50 150 pumhos 
Collector-Base Capacitance 

(Ves = 10V,I: = 0,f = 1 MHz) Cw 15 15 pF 
Emitter-Base Capacitance 

(Vexn= 0.5V,Ic = 0,f = 1 MHz) Cev 55 55 pF 
Gain Bandwidth Product 

(Vcr = 10V, In = 10mA, f = 380 MHz) fr 75 250 100 300 MHz 


Noise Figure 
Ver = 5V,In = 100uA, BW = 15.7 KHz, Rs = 5KQ, 
f = 10 Hz to 10KHz) NF 3 2 dB 
Delay Time — see figure 1 
(Veo= 380V,Ic(on) = 150mA,Iui= 15mA, 
Vur (off) = OV) ta 10 10 nsec 
Rise Time — see figure 1 
(Vec= 380V,Ic(on) = 150mA,Is,= 15mA, 
Vas (off) —_ ov) ty 35 35 nsec 
Storage Time —— see figure 2 
(Vcc= 30V,Ic(on) = 150mA,Isi.= 15mA, 
Inz = 15mA) ts 375 450 nsec 
Fall Time — see figure 2 
(Veco = 80V,Ic(on) = 150mA,Isi:= 15mA, 
In: = 15mA) ts 50 75 nsec 


t¢ S2ns—} 


TO OSCILLOSCOPE 


ai trSins 
16V Rj 2 100K 
TO 2 Pere 
trsS 200 
i tr 2ns te R, 2100K 4— 2 
1K hes cs 
an 200 14v 
16V nea ee Vee =-30V' 
= PWw.2tyns +4 me 3 
P.W, = 200ns Vec=~ 30V C,= TOTAL SHUNT CAPACITANCE FIXTURE, CONNECTORS, AND PROBE = IOpF 
FIGURE 1. DELAY AND RISE TIME EQUIVALENT CIRCUIT FIGURE 2. STORAGE AND FALL TIME EQUIVALENT CIRCUIT 
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NOISE FIGURE VS. FREQUENCY 


Silicon 
Transistors 


The General Electric GES6015 and GES6017 devices are silicon PNP, planar epitaxial 
passivated transistors specially designed for high level linear amplifiers or medium 
speed switching circuits, and are especially suited for industrial control applications. 
Complementary NPN versions are available and are designated as GES6014 and 
GES6016 respectively. 

Features . 
¢ Epoxy encapsulation with proved reliability 


Excellent Beta Linearity over extremely wide 
current ranges 


¢ Performance comparable to hermetic units — ° Bere ngla ean Lo S00 ate 
excellent charactistic stability under environ- ¢ 


60 Volt — V carceo ratings 
mental stresses—-85°C—85% Relative Humidity. 


e Integral Heat Sinks available—Up to 1 W 


¢ 500 mw Power Dissipation Power Dissipation. Order as GES6015~J1 ete. 


*Voltage and Current Values for PNP are negative: Observe Proper Bias Polarity. 


absolute maximum rati NGS: (T, = 25°C, unless otherwise specified) 


Voltages GES6015 GES6017 
Collector to Emitter Vero 60 60 Volts 
Collector to Emitter Voces 70 70 Volts 
Emitter to Base Verso 5 5 Volts 
Collector to Base Veso 70 70 Volts 
Current 
Collector Ic 800 800 mA 
Collector (peak, pulsed 10 usec, 
= 2% duty cycle) Ic 1500 1500 mA 
Dissipation 
Total Power (Ts S 25°C) Pr 500 .500 Watts 
Total Power (Ts S 25°C) Heatsink Pr 700 -700 Watts 
Total Power (Tc S 25°C) Py 1 1 Watts 
Derate Factor (Ts = 25°C) 4 4 mW/°C 
Derate Factor (Tc = 25°C) Heatsink 8 8 mW/°C 
Temperature 
Storage Tstre <——~ —65 to +150 —> °C 
Operating T; <—— —65to +150 —> °C MOUNTING 


Lead (4_5” = Yo” from 


case for 10 sec.) <———— +260 ——> °C 


ue 


ly 2 ob 
Q taal _ . 
A L E 
SEATING PLANE LEMITTER 
2 


— 
SS 
ma 


. BASE 


TO-92 3. COLLECTOR 


MILLIMETERS 
MIN. | MAX. | MIN. [MAX. 


4326/53 30,.170). 


SURFACES 
12 
<UL 


electrical characteristics: (1. = 25°C, unless otherwise specified) 


REFERENCE 
PLAN 


GES6015 GES6017 $d pb2 u¢ 
STATIC CHARACTERISTICS Symbol Min. Max. Min. Max. i: 
Collector-Emitter Breakdown Voltage =i as 
c= 10mA, In = 0) Vawceo 60 60 Volts L 
Emitter-Base Breakdown Voltage q 
e= 100nA,Ic = 0) Vesneso 5 5 Volts { 
Collector-Base Breakdown Voltage L- |. EMITTER 
(Ic = 100uA, In = 0) Voswcso 70 70 Volts a F 5 COLLECTOR a 
Collector-Emitter Breakdown Voltage 
(Ic = 100A, Vax = 0) Vewers 70 70 Volts TO-92 
Collector-Emitter Saturation Voltage C= L MILLIMETERS | INCHES 
(Ic= 100mA,Is= 10mA)}+ Vexcan .300 .300 Volts > SYMBOL Win, [ MAX. | MIN. [MAK NOTES 
(le = 500mA, Is = 50OmA)F Veswar -750 .750 Volts J A = eee 8 = BES 
Base-Emitter Saturation Voltage Bt or eet et 
(Ic ed 100mA, Iz = 10mA) + Vara -70 95 -70 95 Volts poe ; ; 
(Ic= 500mA,Ins= 50mA)+¢ Vaswarn .80 1.10 80 1.10 Volts Cc 
Base-Emitter Voltage é@ ; 
ce= 5V,Ic= 10mA)t Var 55.77 55 .77 Volts = 2 L Ls 9 EET ose as 
Forward Current Transfer Ratio nh {15 70 REF. 1062 REF 
(Vee = 1V,Ic= 100nA) hrr 60 120 C pe = +366 = {41 
(Ver = 1V,Ic= 10mA)} hre 100 300 200 500 ty [= [re7o; = fosor 7 | 
(Ver = 1V,Ic = 100mA)f hre 75 150 l2 |6.350 = 250) — } i 
(Ver = 2V,Ic= 500mA) + hre 40 15 $P 3 sé 5 3.630] = las 2 
Collector Cutoff Current r i : : 
ca=  25V, In = 0) Ts 10 10 nA = seni ee 
Emitter-Base Reverse Current NOTES: 
(Vex = 3.0V, Ic = 0) Tezo 20 20 nA ; 


I. (THREE LEADS) ¢b2 APPLIES BETWEEN Ly AND La. $b APPLIE: 
BETWEEN L2 & .5"(12.70MM) FROM REFERENCE PLANE. 
DIAMETER IS UNCONTROLLED IN Ly AND BEYOND.5"(12.70MM) 
FROM REFERENCE PLANE. 

2.MOUNTING HOLE IS FOR #4 SCREW. HOLE WILL ACCEPT A, 
113" (2.87MM) DIAMETER PIN INSERTED PERPENDICULAR 
TO THE MOUNTING SURFACE. 


+Pulsed, 300 usec, = 2% duty cycle 
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GES6015, 17 


DYNAMIC CHARACTERISTICS 


GES6015 GES6017 
Min. Typ. Max. Min. Typ. Max. 
Forward Current Transfer Ratio 
(ze =1mA,Vce= 10V,f = 1KHz) hre 80 450 160 750 
input Impedance 
(Is a lmA, Ver = 10V, f= 1KHz) hie 1.5 15 2.5 30 Kohms 
Output Conductance 
(s=i1mA, Vcr = 10V,f = 1KHz) Ree 50 150 wmhos 
Collector-Base Capacitance 
(Ves = 10V,I: = 0,f = 1 MHz) Cor 15 15 pF 
Emitter-Base Capacitance 
(Vex = 0.5V, Ic = 0, f = 1 MHz) Cen 55 55 pF 
Gain Bandwidth Product 
(Vce= 10V,In = 10mA, f = 30 MHz) fr 75 250 100 300 MHz 
Noise Figure 
Ven = 5V,In = 100KA, BW = 15.7KHz, Rs = 5KQ, 
f = 10 Hz to 10KHz) NF 3 2 dB 
Delay Time — see figure 1 
(Vee = 30V, Ic (on) = 150mA, Ta = 15mA, 
Vue (off) = 0V) ta 10 10 nsec 
Rise Time — see figure 1 
(Veo = 80V,Ice(on) = 150mA,Is, = 15mA, 
Vor (off) = 0V) ty 35 35 nsec 


Storage Time — see figure 2 
(Vcc = 30V,Ic(on) = 150mA,In. = 15mA, 
In. = 15mA) ts 375 450 nsec 
Fall Time — see figure 2 
(Veo = 380V,Ic(on) = 150mA,Isi= 15mA, 


Tn, = 15mA) tr 50 75 nsec 
t¢ S2ns—| J 
TO OILED EC ORE 
ake) OSCILLOSCOPE 
tre <= Ins 
4 tS 2ns is R; 210K 
IK 
XK 3200 
i 
16V —4 
Vec? - 30V ‘ 
P.W. = 200ns Cg = TOTAL SHUNT CAPACITANCE FIXTURE, CONNECTORS, AND PROBE = lOpF 
FIGURE 1, DELAY AND RISE TIME EQUIVALENT CIRCUIT FIGURE 2. STORAGE AND FALL TIME EQUIVALENT CIRCUIT 
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TRANSFER RATIO VS, COLLECTOR 
CURRENT 
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Silicon 
Transistors 


The General Electric GES6014 and GES6016 devices are silicon, NPN, planar epitaxial 
passivated transistors designed primarily for high current linear amplifiers or medium 
speed switching circuits and are especially suited for industrial control applications. 
Complementary PNP versions of these types are available and are designated as 


GES6015 and GES6017 respectively. = 
Features | Le 
@ Epoxy encapsulation with proved reliability. @ Excellent Beta Linearity over extremely wide L E 
@ Performance comparable to hermetic units— current ranges. SEATING PLANE {.EMITTER 
excellent characteristic stability under environ- @ Beta hold-up out to 800 mA. 2. BASE 
mental stresses-—85°C—85% Relative Humidity. @ 60 Volt Visrcro ratings. TO-92 3. COLLECTOR 
@ 500 mw Power Dissipation. @ Integral Heat Sinks available—Up to 1 W 
Power Dissipation. Order as GES6014-J1 etc. 
absolute maximum ratings: (7. = 25°C, unless otherwise specified) syeo.| MIELMETERS [INCHES 
etiuees GES6014 GES6016 [A {4320[5.3 30/170 210 
Collector to Emitter Vero 60 60 Volts [$b 1 <o ai aa 2 5 5 019 
Collector to Emitter Voces 70 70 Volts $0 14450|5200[1 751205 
Emitter to Base Veso 5 5 Volts E E.13.180141 901125/165 
Collector to Base Veso 70 70 Volts e [24101267 0|095|[105 
Current ey [11 50] 1.395/045/055 
Collector Ic 800 800 mA L $3.430/4320/1 35/170 
Collector (peak, pulsed 10 usec, [ 7 12700| = _1500 Exe 
= 2% duty cycle) Ic 1500 1500 mA Ee Ses aE 
Dissipation Qa 12.920] — i 15) = 
Total Power T, < 25°C Py .500 500 Watts c Ss {2030[/2670/0 soli O5) 
Derating Factor Ts => 25°C 4 4 mW/°C 
Total Power T, < 25°C Heatsink Pr 625 .625 Watts REFERENCE 
Total Power T. < 25°C Heatsink Pr 1.0 1.0 Watts PLAN 
Derating Factor T, => 25°C Heatsink 5 5 mW/°C 
Derating Factor Tc = 25°C Heatsink 8 8 mW/°C eae iar mae 
Temperature eth 
Storage Tsre —— —65 to +150 ——>°C Ree ee 
Operating T; <— —65 to +150 ——-°C 5 riers 
Lead (146” + 40” from hipaa ]====74 
ease for 10 sec.) T. <——— 4260 ————>°C a = | 
a ep ae eS a i 
electrical characteristics: (1, = 25°C, unless otherwise specified) ry aoa 
GES6014 GES6016 gb gb2} i (tst‘s‘s*™Y 
STATIC CHARACTERISTICS Symbol Min. Max. Min. Max. % 
Collector-Emitter Breakdown Voltage c 
(Te = 10mA, — 0)+F Vasrcro 60 60 Volts cic 
Emitter-Base Breakdown Voltage 
(le = 100uA, Ie = 0) Ver Epo 5 5 Volts 1 
Collector-Base Breakdown Voltage LEMITTER : 
(Ic — 100uA, In = 0) Visrcso 70 70 Volts —~> F he 2 BASE q > 
Collector-Emitter Breakdown Voltage 3.COLLECTOR 
| (Ic = 100uA, Var = 0) Viusrces 70 70 Volts TO -92 
Collector-Emitter Saturation Voltage 
(Ic = 100mA, Ip = 10mA) + Veswar .150 .150 Volts SYMBOL SNP MAR LIMIN. [MAX NOTES 
(Ice = 500mA, In = 50mA) t+ Versa 500 .500 Volts A = 16680) — 1.263 
Base-Emitter Saturation Voltage } 8 {| = for1eol = [aool | 
(Ic = 100mA, In = 10mA) + Varsat -70 88 -70 .88 Volts eb | 407) 533/016{o2i/ 1 | 
(Ic = 500mA, In = 50mA)+ Veaxwsat -80 1.0 80 1.0 Volts } oe | sort aeztoisforst 1 | 
Base-Emitter Voltage e 12.42012.660/10951105 
Vee = 5V, Io = 10mA) 7 Var 55 -75 55 0.75 Volts e] 7 50 139 5 Beat iee | 
Forward Current Transfer Ratio Fj = [3.550] = [140 
(Ven = 1V, Ic = 100uA) hre 45 70 h 1.570 REF. [062 REF 
(Vcr = 1V, Ip = 10mA) tf hre 100 300 200 500 L__ 2700) — (500| — ; 
(Voce = 1V, Ic = 100mA) +t hre 85 170 Ci = [L270] — [oso] TI 
(Ven = 2V, Ie = 500mA)+ hrs 20 20 fol = teesol asl 2 
Collector Cutoff Current q 3.960 REF |.156 REF. 
(Ves = 25V, Is = 0) Icro 10 10 nA a (2.210 REF. |.187 REF. 
Emitter-Base Reverse Current rf — [3.960| — fi56 
(Ves = 3.0V, Ic = 0) Tepo 20 20 nA NOTES: 
f Pulsed, 300usec, = 2% duty cycle (THREE LEADS) ¢b2 APPLIES BETWEEN Ly AND Loa. ob APPLIES 


BETWEEN L2 & .5"(12.70MM) FROM REFERENCE PLANE. 
DIAMETER 1S UNCONTROLLED IN Ly AND BEYOND.5"(12.70MM) 
FROM REFERENCE PLANE. 

2.MOUNTING HOLE IS FOR #4 SCREW. HOLE WILL ACCEPT A 
113" (2.87MM) DIAMETER PIN INSERTED PERPENDICULAR 
TO THE MOUNTING SURFACE. 
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DYNAMIC CHARACTERISTICS GES6014 
Symbol Min. Typ. Max. 
Forward Current Transfer Ratio 
e= ImA, Vcs = 10V,f = 1KHz) hre 65 450 
Input Impedance 
p= I1mA, Vcz= 10V,f = 1KHz) hie 1.5 12 
Output Conductance 
(Ie= 1mA, Vcs = 10V, f = 1KHz) Noe 45 
Collector-Base Capacitance 
(Ves = 10V, In = 0, f = 1 MHz) Cov 10 
Emitter-Base Capacitance 
(Ves = 0.5V, lc = 0, f = 1 MHz) Cen 50 
Gain Bandwidth Product 
Vee =10V,In = 10mA,f = 30 MHz) fr 105 335 
Noise Figure 
(Vee =5V,In= 100nA, BW = 15.7KHz, Rs = 5KQ, 
f = 10 Hz to 10KHz) NF 5 
Delay Time—See Figure 1 
(Vec = 30V, Ic(on) = 150mA, Ini = 15mA, Vee (off) = 0V) ta 12 
Rise Time—See Figure 1 
(Vec = 80V, Ic(on) = 150mA, In = 15mA, Var (off) = OV) t, 25 
Storage Time—See Figure 2 
(Veco = 80V, Ic(on) = 150mA, Is; = 15mA,Ig: = 15mA) ts 300 
Fall Time—See Figure 2 
(Veco = 30V, Ic(on) = 150mA, Ini = 15mA, In, = 15mA) tr 100 
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NOISE FIGURE VS. SOURCE RESISTANCE 
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NOISE FIGURE -48 
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NOISE FIGURE - 


NOISE FIGURE ~ 3B 
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NOISE FIGURE-WIDEBAND VS. SOURCE 
RESISTANCE 


“7 GES6OI6 


mea 7 
GES60I6 
Peal 
U4 
Let 
Iz wt 7 
% oette® 
$ i] 
f £ 
3 5 
3 2 
3 § 
3 3 
3 Toone 
2 i t HH 2 
Ms i] Je 
= HW 
1 T ni 
tH 
or i} ri 10 


Te COLLECTOR CURRENT ~mA 


En, & 1, VS. COLLECTOR CURRENT 


Vogt 8¥ 


Falke 


o, 


Swe t 


ik 
100 k 10K 100K 
Rig ~ SOURCE RESISTANCE -OHMS 


NOISE FIGURE VS. SOURCE RESISTANCE 
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NOISE FIGURE VS. FREQUENCY 


Silicon 


Signal Transistor 


The General Electric GES6218, GES6219, GES6220 and GES6221 are 
NPN Epoxy Encapsulated Transistors. The device is intended primarily 
for use in television, nixie-neon tube and other general high voltage 
applications. 


FEATURES: 


¢ Epoxy encapsulation with proved reliability. 
Performance comparable to hermetic units — excellent charac- 
teristics stability under environmental stresses — 85°C-85% 
relative humidity. 


500 mW power dissipation. 

Excellent beta linearity over extremely wide current ranges. 
300 V BVcgo ratings available. 

Integral heat sinks available — up to 625 mW power dissipation. 


absolute maximum ratings: (25°C unless otherwise specified) NOTES: 


LEMITTER 
2.BASE 


TO-92 3. COLLECTOR 
T_MILCIMETERS | INCHES” | 
\ SYMBOL Win, | MAX, ain tec 
A [4.320[5.330].170]210 
\\ Fa Tao7l 55 0f0lelozer 
b2 407| 482/016/o19| 
¢0_ 1445615200] 751205 
E 3.180141 90/25/1765) 
e [241 0/267 0/.095/i05] _ 
ey 11.1 50/139 5/045/055] 
j [3430/4 320/135) .170) 
L__li2700; —— T5007 — 4 
uy —" 11270! “— [050 
t2 [6350| — [250i — | 
Qf2920f —~ Jirs, —]_ 
$ [2030/1 2.676/ 080/105 


I.(THREE LEADS) db2 APPLIES BETWEEN Ly AND La, gb At 


Voltages Pe etree eee DIAMETER 18 UNGONTMOLLED IN ty AND BEYOND SH8 
i FROM REFERENCE PLANE. 
Rollector ue Ver: 20> S00 200 “2a0 Volts 2.MOUNTING HOLE IS FOR #4 SCREW. HOLE WILL ACCEI 
Emitter to base VeBo 5 5 5 5 Voits 13" (2.87MM) DIAMETER PIN INSERTED PERPENDICUL 
Calleviok to baw Veno 300 250 200 ~—«150 Volts TO THE MOUNTING SURFACE. 
pure! EZ \ MILLIMETERS | INCHES 
Collector I, 50 50 50 50 mA eee MIN MAR LNT NC 
A - lée6s8ol = [263 
= Hol 6 of “= [400 
Dissipation o 407[ 53 13 r6f.o2i] 
Total Power T, 25°C Pr 500.500.500.500 Watts fe | ao7t aezloreloray 
Derating Factor T, => 25°C 4 4 4 4 mW/°C @ (2420/2660 /095| 105] 
Total Power Ty <25°C* Pr 625. 625.625.6255. Watts et A To ea 
Derating Factor T, > 25°C* 5 5 5 5 mW/°C h__{1870 REF l062 RERl 
Total Power T. <25°C* P, 10 1.0 1.0 1.0 Watts Ce terol tsar 
Derating Factor Tc > 25°C* 8 8 8 8 mW/°C 3 8.350 = Tae ; 
q [3.960 REF [156 REF, 
Temperature qr_[2.210 REF. : a7 REF. 
rl —_j3960/ — [156 
Storage Tote -65 to +150 ba @ REFERENCE 
Operating T; -65 to +150 2¢ PLAN 
Lead (1/16 +1/32” from B | 
case for 10 sec.) T, +260 °c 
*Heatsink 


electrical characteristics: (25°C unless otherwise specified ) 
GES6218 GES6219 GES6220 GES6221 


Min. Min. Min. Min. 
STATIC CHARACTERISTICS 
Collector - Emitter Breakdown Voltage Vigayceo- 300 250 200 150 Volts 
(Ic= 1mA, Ig =0) 
Emitter - Base Breakdown Voltage V (BR)EBO 5 5 5 5 Volts 
(fe =100uA, Ic =0) 
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EMITTER 
2.BASE 
3.COLLECTOR 


TO-92 


STATIC CHARACTERISTICS CONT'D. 


Symbol 

Collector- Base Breakdown Voltage 

(Ic =100uA, Te =0) VBR)CBO- 
Collector Cutoff Current 

(Veg =250V, I~ =0) IcBo 

(Vcp =200V, Ig =0) IcBo 

(Veg =150V, Ie =0) IcBo 

(Vcp =100V, I; =0) Icgo 
Forward Current Transfer Ratio 

(Vce =10V, I¢ =2mA) Hees 

(Vce =10V, Ie =20mA) eet 
Base - Emitter Voltage 

(Vcr =10V, Ip =20mA) VBE 
Collector - Emitter Saturation Voltage 

(Ic =10mA, Ig =ImA) V cesar) T 

(ic =10mA, Ip =ImA) Veggay T 

(Ic =20mA, Ip =2mA) Vicar T 

(Ic =20mA, Ig =2mA) Verat T 
Base- Emitter Saturation Voltage 

(Ic = 10mA, Ip = ImA) Vasant 

(Ic =10mA, Ip=1mA) VeE(sat)T 

(Ic =20mA, Ip =2mA) Veetsatt 

(Ic =20mA, Ip =2mA) Vax(saty T 


DYNAMIC CHARACTERISTICS (TA =25°C unless otherwise specified) 


Forward Current Transfer Ratio hye 
(Veg =10V, Ic =20mA, f=1K Hz) 
Collector Base Capacitance Cob 
(Vcg =10V, Ie =0, f=1MHz) 
Emitter Base Capacitance Ceb 
(Veg =0.5V, Ic =0, f=1MHz) 
Magnitude of Forward Current 
Transfer Ratio hte 
(Vce =10V, Ie =10mA, f=20MHz) 
Gain Bandwidth Product fr 
(Ic =10mA, Vcr =10V, f=20MHz) 
Turn On Time (See Figure 1) ton 
(Veco =150V, Vas =30V, Vin =SV. 
Ice =20mA, Ip: =Ip2 =2.75mA) 
Turn Off Time (See Figure 1) torF 


(Vcc =150V, Ves =30V, VIN =S5V, 
Ic =20mA, Ip) =Ig2 =2.75mA) 


+Pulse Width < 300 us, Duty Cycle < 2%. 


6ORSEC TO OSCILLOSCOPE 
SEC 


tre 10n 


tr <10_ SEC 


SWITCHING-ON AND OFF TIME EQUIVALENT CIRCUIT 


pS 10 SEC 


=) 


GES6218 = GES6219 GES6220 GES6224 
Min. Max. Min. Max. Min. Max. Min. Mox.| GES6218, 19 
300 250 200 150 Volts 
0.50 uA 
1.0 uA 
1.0 uA 
10 uA 
10 10 10 10 
20 20 20 20 
0.55 0.75 0.55 0.75 0.55 0.75 0.55 0.75 Volts 
03 1.0 Volts 
0.3 1.0 Volts 
0.3 2.0 Volts 
0.3 2.3 Volts 
0.60 0.75 Volts 
0.60 0.75 Volts 
0.65 0.86 Volts 
0.65 0.85 Volts 
Min, Max. 
20 300 
5 pF 
70 pF 
8 dB 
50 MHz 
0.5 usec. 
5.0 usec. 
Te} 
. 4 [ y 
: 1 y 
3 
FA He 
5 fh €) 


V4 


Veg (SAT) COLLECTOR EMITTER 


i eo _L 
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10 10 
{¢- COLLECTOR CURRENT ~ mA 


COLLECTOR - EMITTER SATURATION VOLTAGE 
VS. COLLECTOR CURRENT 


Ccb- COLLECTOR BASE CAPACITANCE - PF 


xov 


oc, VCE 


h FE - FORWARD CURRENT TRANSFER RATIO 
fo) 
+ 


+ 
| | 
1 L 
al Lo ite) 100 
'@- COLLECTOR CURRENT - mA 


FORWARD CURRENT TRANSFER VS. COLLECTOR CURRENT 


Vee - BASE EMITTER VOLTAGE - VOLTS 


I¢ - COLLECTOR CURRENT - mA 


BASE-EMITTER VOLTAGE VS. COLLECTOR CURRENT 


uw o2 Y m» © 


+ 


ae | 
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Vege (SAT)- BASE EMITTER SATURATION VOLTAGE - VOLTS 


ous 
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I¢- COLLECTOR CURRENT - mA 


BASE - EMITTER SATURATION VOLTAGE 
VS. COLLECTOR CURRENT 


Ceb-EMITTER BASE CAPACITANCE -PF 


° | 10 100 
Veg - COLLECTOR VOLTAGE - VOLTS 


COLLECTOR-BASE CAPACITANCE AND EMITTER- 
BASE CAPACITANCE VS. REVERSE VOLTAGE 
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PT- POWER DISSIPATION- WATTS 


3 + | 

os = a + t | + 
ALLOWABLE POWER DISSIPATION 

TH AA + WITH HEATSINK 4 


(TC * REFERENCE TEMP.) 


4 


2--7+—7——+_ FREE AiR POWER DISSIPATION 
(TAs REFERENCE TEMP.) 


— + 


-60 -40 -20 ° 20 40 60 80 30 00 «6120140 150 
TC OR TA REFERENCE TEMPERATURE -°C 


MAXIMUM PERMISSIBLE DC POWER DISSIPATION 


9000 Fe a = 
+ 


1000 I b 7 


Icpo- COLLECTOR CUT-OFF CURRENT ~ NA 
roy 
°o 


tt} { | | | 
| 


-40 


° 4 fe) 120 (60 
Ty AMBIENT TEMPERATURE -°C 


COLLECTOR CUT-OFF CURRENT VS. TEMPERATURE 


=e 


'¢ - COLLECTOR CURRENT - mA 


I 
Vee - COLLECTOR TO EMITTER VOLTAGE ~- VOLTS 


CONTOURS OF CONSTANT GAIN BANDWIDTH 
PRODUCT 


Silicon 


Signal Transistors 


GET Series See GES____— Equivalent 
Co 


These Silicon Planar Passivated Epitaxial Transistors are in- 
tended to satisfy a broad range of general purpose signal level 
applications at audio and intermediate frequencies. 


FEATURES: 


e Excellent gain linearity — particularly designed for opera- 
tion in the 1OuA to 20 mA range. 

e Low collector saturation voltage. 

e 60 volt Vgr(cEo) rating. 

e Epoxy encapsulation with proven reliability — excellent 
characteristic stability under environmental stresses — 85°C 
— 85% RH. 

e Low capacitance. 


Voltages 
Collector to Emitter Vero 60 Volts 
Collector to Base Veso 60 Volts 
Emitter to Base VEBO 5 Volts 
Current 
Collector (Continuous) Ic 100 mA 
Dissipation 
Total Power Ta < 25°C Py 360 mW 
Derating Factor T, > 25°C Py 2.88 mwW/°C 
Temperature 


Storage T  -65tot+l50 °C 

Operating T -65to +150 °C 

Lead Soldering (1/16” + 1/32” T +260 °c 
from case for 10 sec max.) 


absolute maximum ratings: (T, = 25°C unless otherwise specified) 


electrical characteristics: (Ta, = 25°C unless otherwise specified) 


Static Characteristics 

Collector Base Leadage Current 
(Vcg = 60V, Ip = 0) 

Emitter Base Leadage Current 
(Ves = 5V, Ic = 0) 

Forward Current Transfer Ratio 


(Ic = 104A, Vor = 5V) —  GES6222 
—  GES6224 
(Ic = 2mA, Vor = 5V) —  GES6222 
—  GES6224 
(Ic = 100 mA, Vog = 5V) —  GES6222 
—  GES6224 


Collector-Emitter Breakdown Voltage 
(Ic = 10 mA, Ip = 0) 

Collector-Base Breakdown Voltage. 
(Ic = 100 uA, Ip = 0) 
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SYMBOL 
IcBo 
IEBo 


hire 
hpg 
hre 
hee 
hee 
hre 


V(BR)CEO 


ViBR)CBO 


SEATING PLANE 3, COLLECTOR 
2. BASE 
TO-92 |, EMITTER 


MILLIMETERS |_ INCHES 
SYMBOL THIN. | MAX. _| MIN. [Max, NOTES 
A {4.320/5.330/170/210 
bd | 407] 55 0/01 6[022| 1,3 
be | 407| 482io!é6loi9| 3 | 
$D_ |[4450/[5200[1 75/205 
E {3.180/4190/125/165 
e |2410|2670[.095/105 
ey J11 50] 1.395[045[055 
j |3.430/4.320/1 35[.170 
L.fiz27oo;] — [500] — [ 1,3 
ur. | — [1.270/ — [050] 3 
lz [6350| -— [250[ —J[ 3 
Q [z920; — [iis| — | 2 
[os [2osolze7olosoliost 4 


NOTES: 

1. THREE LEADS 

2.CONTOUR OF PACKAGE UNCONTROLLED OUTSIDE 
THIS SIDE. 

3. (THREE LEADS) ¢b2 APPLIES BETWEEN Ly AND Lg. 
¢b APPLIES BETWEEN Lo AND 12.70 MM (.500") 
FROM THE SEATING PLANE. DIAMETER IS UN- 
CONTROLLED IN Ly AND BEYOND 12. 70MM (.500") 
FROM SEATING PLANE. 


MIN MAX. UNITS 

_ 50 nA 

_ 50 nA 
20 _ 

40 _ 

75 200 

150 300 

20 _ 

40 _ 

60 _ Volts 
60 - Volts 


Static Characteristics (continued) SYMBOL MIN. MAX. 
Emitter-Base Breakdown Voltage 

(Ic = 100uA, Ic = 0) V(BR)EBO 5 2 
Base-Emitter Voltage 

(Ic = 2mA, Vcr = 5V) VpE(on) 0.5 0.9 
Collector-Emitter Saturation Voltage 

(ic = 10 mA, Ip = 1 mA) —  GES6222, GES6224 VeK(sat) 0.020 0.125 
Base-Emitter Saturation Voltage 

(ic = 10 mA, Ip = 1 mA) —  GES6222, GES6224 VBE(sat) _ .78 


Dynamic Characteristics 
Forward Current Transfer Ratio 
(ic = 2mA, Vcr = 5V, f = 1 kHz) — GES6222 hee 75 300 
— GES6224 hee 150 400 
Collector-Base Capacitance 
(Vog = 10V, Ig = 0, f = 1 MHz) Cop _ 4 
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I¢~ COLLECTOR CURRENT - mA 


FORWARD CURRENT TRANSFER 
RATIO VS. COLLECTOR CURRENT 
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UNITS 
Volts 
Volts 
Volts 


Volts 


pF 


Vce - COLLECTOR VOLTAGE ~- VOLTS 


GES6222, 24 


TYPICAL ELECTRICAL CHARACTERISTICS 


- VOLTAGE EMITTER TO BASE- VOLTS 


= : 0 

‘ i ‘2 : 

2 jeeseeee i 2 
aI 


8 GES6224 


EMITTER-BASE CAPITANCE- pF 


Cob - COLLECTOR-BASE CAPACITANCE- pF 
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fk 
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CAPACITANCE VS. VOLTAGE 
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GENERAL ‘ 


From General Electric 
New Optoelectronics Manual 


NEW 192 page Manual written by General Copies are available from any authorized 
Electric Application Engineers contains 7 GE distributor, GE OEM Electronic 
basic sections of practical user oriented Components Sales Office, or by sending 
information relating to Emitters, Detectors $3.00 plus applicable tax to General 

& Couplers— Electric, Semiconductor Products 

= Theory Department, Electronics Park, Bldg. 7-49, 


= System. Design Syracuse, New York 18201. 

* Reliabilit 

w Miadatinsrents In Europe send £1.50 to ETC, County 

= Circuits Louth, Dundalk, Republic of Ireland: 

=" Symbols & Terms 

= Specifications GENERAL@Q ELECTRIC 
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Photon Coupled Isolator H11A1-H11A2 


Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor 


INCH MILLIMETER 


SYMBOL | MIN. MAX. MIN. t MAX, | NOTES | 

The General Electric H11A1 and Hi1A2 are gallium arsenide : Ty 3 300 Rer|re2 REF] 2 

infrared emitting diodes coupled with a silicon photo-transistor in +H Ns 5 | 016/024 408] soe] 
a dual in-line package. | | F | 940 o7do1 i178 
: pear pee lee 

absolute maximum ratings: (25°C) sot hide LO seffO8 | aoe] 8 
ren Pp 375 53 
INFRARED EMITTING DIODE § [bes] beolert [rie) 


1 

i inat orientation in the quadrant adjacent to 
terminal i. 

2. Installed position lead centers. 

3. Overall installed dimension, 

4. These measurements are made from the sent- 

ing plane 
5. Four places. 


milliwatts 
milliamps 
ampere 


Power Dissipation 
Forward Current (Continuous) 
Forward Current (Peak) 

(Pulse width 1 psec 300 P Ps) 
Reverse Voltage 3 volts 


*Derate 1.33mW/°C above 25°C ambient 


\ 6 E : ; : 
: | SEATING pi Lf Pp .225| .260j5.71 [7.12 
2 5 PLANE i MD ni sholl be a permanent indication of term - 
H UU tL 
ofr, 


TOTAL DEVICE 


Storage Temperature -55 to 150°C 

Operating Temperature -55 to 100°C 

Lead Soldering Time (at 260°C) 10 seconds 

Surge Isolation Voltage (Input to Output). 
H11Al1 2500V (peak) 1 770V (Rms) 
H11A2 1500V (peak) 1060V (RM 3) 

Steady-State Isolation Voltage (Input to Output). 
HI1AI1 1500V (peak) 1060V Rms) 
H1I1A2 9S50V (peak) 660VRMs) 


PHOTO-TRANSISTOR 


Power Dissipation 


milliwatts 
volts 
volts 
volts 
milliamps 


Collector Current (Continuous) 


**Derate 2.0mW/°C above 25°C ambient 


UNITS 


PHOTO-TRANSISTOR 


ran [79a 


Forward Voltage 
(Ip = 10 mA) 


Reverse Current 
(Va =3V) 


microamps 


Capacitance picofarads 


(V = O,f = 1 MHz) 


coupled electrical characteristics (25°C) 


DC Current Transfer Ratio (Ip = 10mA, Vcr = 10V) 


Breakdown Voltage—V(pr)cEo 
(Ic = 10mA, I; = QO) 

Breakdown Voltage—Viprycpo | 70 
(Ic = 100uA, Ip = O) 

Breakdown Voltage—Vipryeco | 7 
(Ip = 100uA, Tp = 0) 

Collector Dark Current—IcKo 
(Vcr = 10V, Ip ic O) 

Capacitance 

(Vox = 10V,f = 1MHz) 


% 
% 


Saturation Voltage — Collector to Emitter (Ip = 10mA, Ic = 0.5mA) : : volts 


Isolation Resistance (Input to Output Voltage = 500Vpc) 


Input to Output Capacitance (Input to Output Voltage = O,f = 1MHz) 


Switching Speeds: 
Rise/Fall Time (Voz = 10V, Icg = 2mA, Ry = 1002) 
Rise/Fall Time (Vcp = 10V, Icp = SOMA, Rp = 10082) 


gigaohms 
picofarads 


microseconds 
nanoseconds 


H11A1, H11A2 


TYPICAL CHARACTERISTICS 


a 
Zz 
# 
3 Tp210ma 
b FP 
¢ 2 1.0 Jk — 
& t 2 
3 2 i 
pa NORMALIZED TO 3 
a Vog =10V 3 
3 Ip =10mA N 
g ; I= 5ma 
i a ie 
Oo 
5 
° 
8 NORMALIZED TO: 
s Veg #10 
-————_+ TpstOmA 1 +——+ 
T a= 25°C 
al 
Oss =15 100 


25 65 
Ta- AMBIENT TEMPERATURE ~ °C. 
Tp - INPUT CURRENT - ma 


TPUT CURRENT VS TEMPERATUR 
OUTPUT CURRENT VS INPUT CURRENT a . ‘i pee 


10 
ox — = ier 
Va aaa 
4 = 4H 
00 - Z + 2 
7 a 
i 
2 iH 
lo 5 
4 5 
' g L 
‘ Zo, 
& 1.0 + + $ 4 ' H 
& Os NORMALIZED TO 
2 8 i Veg 2 10V BE 
z Ip tiOmaA elias eo 
i iar aa 
a o* | ' 10 100 
- Veg - COLLECTOR TO EMITTER VOLTAGE - VOLTS 
ah al 4 =i OUTPUT CHARACTERISTICS 
Coley 4 a) | 
5 10 15 20 
Vp - FORWARD VOLTAGE - VOLTS 100 -— all 
INPUT CHARACTERISTICS bs ic 
—T 
ls 


+ 


3 


Togo - OUTPUT CURRENT ~ pA 


Voce =1OVOLTS 
IcEO =2mA 


NORMALIZED TO i 
T 


ton = tote = Busec 


RL =100a oe a a a 
oy (see (ea oo ee | { 


fon and tort - NORMALIZED TURN ON AND TURN OFF TIMES. 
° 


Pap ike} 10 Te too ! t -: “ Le) ~ Lee) 
Tceo- OUTPUT CURRENT ~ mA Ip - INPUT CURRENT- mA 
SWITCHING TIMES VS OUTPUT CURRENT OUTPUT CURRENT (lego) VS INPUT CURRENT 
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Photon Coupled lsolator 1 HT1A3- H11A4 


Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor 


The General Electric H11A3 and H11A4 are gallium arsenide, ere vStE 1 [sa1a0. mu 8 vores | 
infrared emitting diodes coupled with a silicon photo-transistor in . a" 8 | 300 Rerize2 | rer! 2 
a dual in-line package. t fi FY] B60) *° ste] 4 
: : ¢ | S90 vro28 |e7 
absolute maximum ratings: (25°C) rae | |.008) 813] 20x|*see} 
f K | 3 
Mw 15° 16° 
INFRARED EMITTING DIODE roo-4 eats el 
-100} .185}2.5 470 


\ 
estate ‘. * illi SEATING a 225 280 art 712 
Power Dissipation ‘s 100 m twats 2: aa PLANE a a TFrare shall be a permanent indication of term - 
Forward Current (Continuous) 60 milliamps er ; ti inal crientation in he quadrant adjacent to 


terminal t 


Forward Current (Peak) 3 ampere a eae ALG eee ot 

(Pulse width 1usec 300 P Ps) sings iat 
Reverse Voltage 3 volts 

*Derate 1.33mW/°C above 25°C ambient. TOTAL DEVICE 

Storage Temperature -55 to 150°C 
Operating Temperature -55 to 100°C 
Lead Soldering Time (at 260°C) 10 seconds 
Power Dissipation milliwatts Surge Isolation Voltage (Input to Output). 
VcEO volts H11A3 2500V (peak) 1770Viam S) 
VcBo volts H11A4 1500V (peak) 1060V rms) 
Veco volts Steady-State Isolation Voltage (Input to Output). 
Collector Current (Continuous) 100 milliamps H11A3 1500V (peak) 1060V ams) 


**Derate 2,.0mW/°C above 25°C ambient. H1I1A4 950V (peak) 660V (Rus) 


PHOTO-TRANSISTOR 


individual electrical characteristics (25°C) 


INFRARED EMITTING DIODE | Tye. {max.| units | | PHOTO-TRANSISTOR 


Forward Voltage 1.1 1.5 Breakdown Voltage — V(prycro 
(I = 10mA) (Ic = 10mA, Ix = O) 
Breakdown Voltage — V(grycBo 
(Ic = 100uA, Ip = O) 
Reverse Current 10 |microamps Breakdown Voltage — V(pr)yEco volts 
(Vp =3V) (Iz = 100zA, Ip = O) 


Collector Dark Current —Ic¢o nanoamps 
(Vcr = 10V, Ip = O) 

Capacitance picofarads 
(Vcr = 10V, f = 1MHz) 


Capacitance 
(V = O,f = 1MHz) 


coupled electrical characteristics (25°C) 


DC Current Transfer Ratio (Ip = 10mA, Vcr = 10V) 


Saturation Voltage — Collector to Emitter (Ip = 10mA, Ic = 0.5mA) ‘ 4 volts 


Isolation Resistance (Input to Output Voltage = 500Vpc) gigaohms 

Input to Output Capacitance (Input to Output Voltage = O,f = 1MHz) picofarads 

Switching Speeds: — Rise/Fall Time (Vcx = 10V, Icg = 2mA, Ry = 1002) microseconds 
Rise/Fall Time (Vc = 10V, Iog = 50uA, Ry = 100Q) nanoseconds 
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H11A3, H11A4 


TcgQ- NORMALIZED OUTPUT CURRENT 


ton and to¢¢ - NORMALIZED TURN ON AND TURN OFF TIMES 


TYPICAL CHARACTERISTICS 


NORMALIZE! 
Vee =1OV 


Ip =iOmA 
| a 


ih 


a 


He 


L. tit 


+ 


ie) 


10 100 
Ig - INPUT CURRENT - mA 


OUTPUT CURRENT VS INPUT CURRENT 


1000 


Lele) 


Ie - FORWARD CURRENT - mA 
- 


Ol 


oo! 
° 


5 10 1S 
Ve - FORWARD VOLTAGE - VOLTS 


INPUT CHARACTERISTICS 


20 


| 4 
{ 
+ 4 
f-— NORMALIZED TO -+ 
Vv =tOVOLTS 
—. Se R,=100a 
iceq =2mA 
ton = loft = 3usec R_=10a 
RL 1008 1 
| Le lspci ofceef L 


{ 10 10 
Icgg- OUTPUT CURRENT - mA 


SWITCHING TIMES VS OUTPUT CURRENT 
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To¢g~ NORMALIZED OUTPUT CURRENT 


Tego- NORMALIZED OUTPUT CURRENT 


cael eee Gees = 


T= 10mA 


Ip=5mA 


NORMALIZED TO: 
Vee #10 
Ip=l0mA 
Ta 25°C 


-55 “15 100 


25 65 
Ta~ AMBIENT TEMPERATURE - °C 


OUTPUT CURRENT VS TEMPERATURE 


Ol 


NORMALIZED TO 
Veg: 10Vv 
Tp 210mA 


UP Sooo 


10 100 


Or 


Veg - COLLECTOR TO EMITTER VOLTAGE - VOLTS 


OUTPUT CHARACTERISTICS 


Topo ~ OUTPUT CURRENT - pA 


\ ft i_t 
' 100 


10 
Ip- INPUT CURRENT- mA 


OUTPUT CURRENT (I¢go) VS INPUT CURRENT 


Photon Coupled Isolator H11A5 


Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor 


The General Electric H11A5 is a gallium arsenide, infrared emit- 
ting diode coupled with a silicon photo-transistor in a dual in- 
line package. 


absolute maximum ratings: (25°C) 
INFRARED EMITTING DIODE 


Power Dissipation milliwatts : 
: | i pen ee TN ee ies 
Forward Current (Continuous) milliamps 6 seanng |b e 228] 2 
Forward Current (Peak) . | } } mane “TPT | 8ST ES. snait ve epermanen Indication of tren 
Wi - a Son ) ampere 2 5 aad ina! orientation in the quadrant adjacent pal 
ulse width 1 pysec S 
Reverse Voltage 3 volts L—-4d aru migshoremeats srelalige Hpbi the sant 


ing plone. 


*Derate 1.33mW/°C above 25°C ambient. ep ee 


INCH | MILLIMETER 
SYMBOL | MIN. | MAX.] MIN. {| MAX. NOTES | 
. 4 


onvZzzxCLanmoomr 


G terminal | 
4 leo 2. Installed position lead centers. 


TOTAL DEVICE 


Storage Temperature -55 to 150°C 

Operating Temperature -55 to 100°C 

Lead Soldering Time (at 260°C) 10 seconds 

Surge Isolation Voltage (Input to Output). 
1500V (peak) 1060V rms) 

Steady-State Isolation Voltage (Input to Output). 


PHOTO-TRANSISTOR 


Power Dissipation milliwatts 
Vo EO volts 
Vo BO volts 
Veco volts 
Collector Current (Continuous) 100 milliamps 


**Derate 2.0mW/°C above 25°C ambient. 


Forward Voltage 
(ig = 10mA) 


Breakdown Voltage — V(gr)ycEo 
(Ic = 10mA, Ip = O) 

Breakdown Voltage — VgrycBo 
(Ic = 100uA, Ip = O) 

Breakdown Voltage — VipryEco 
dg = 100A, Ip = O) 

Collector Dark Current —Icgo 
(Vox = 10V, Ip = O) 

Capacitance 

(Vcr = 10V,f = 1MHz) 


Reverse Current 
(Vp =3V) 


Capacitance 
(V = O,f = 1MHz) 


coupled electrical characteristics (25°C) 


DC Current Transfer Ration (Ip = 10mA, Vcg = 10V) 
Saturation Voltage — Collector to Emitter (Ip = 10mA, Ic = 0.5mA) 
Isolation Resistance (Input to Output Voltage = 500Vpc) 

Input to Output Capacitance (Input to Output Voltage = O,f = 1MHz) 
Switching Speeds: Rise/Fall Time (Vcr = 10V, Ic = 2mA, Ry = 100) 
Rise/Fall Time (Veg = LOV, Iop = 50MA, Ry = 10082) 


microseconds 
nanoseconds 


1279 


TeEQ- NORMALIZED OUTPUT CURRENT 


ton Gnd toff - NORMALIZED TURN ON AND TURN OFF TIMES 


ol 


TYPICAL CHARACTERISTICS 


Hint 


i 


le} 


10 100 
Ip - INPUT CURRENT - mA 


OUTPUT CURRENT VS INPUT CURRENT 


1000 


Ip - FORWARD CURRENT - mA 


5 10 1S 20 
Ve ~ FORWARD VOLTAGE - VOLTS 


INPUT CHARACTERISTICS 


NORMALIZED TO 
Vog sIOVOLTS 
IcEo =2mA 


ton = toff = 3usec 
RL 1000 


ieee 


——— 
t to 10 
Iggg- OUTPUT CURRENT - ma 


SWITCHING TIMES VS OUTPUT CURRENT 
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IcEQ~ NORMALIZED OUTPUT CURRENT 


ie 
Ig=20mA 
5 
& 
3 Tp=tOmA 
. 10 4 
2 
& 
3 | 
a 
x r A; 
Z Ip 5mA 
2 
° 
F aa 
NORMALIZED TO: 
Veg = Ov 
Ip2lOmA 
Ty? 25°C 
Oss -15 25 65 100 
Ta~ AMBIENT TEMPERATURE - °C 
OUTPUT CURRENT VS TEMPERATURE 
10 


Oi 


NORMALIZEG TO. 
Veg = 1OV 
Tr (Oma 


POU Coe 


Voge - COLLECTOR TO EMITTER VOLTAGE - VOLTS 


OUTPUT CHARACTERISTICS 


a a ea 
| ian { 
H+ 


Oi 


Togo“ OUTPUT CURRENT - A 
is} 
ack 
+ 
+4 
top tt 


t | ie 


Ip- INPUT CURRENT-ma 


OUTPUT CURRENT (Icgo) VS INPUT CURRENT 


PHOTON COUPLED CURRENT THRESHOLD SWITCH H11A10 

Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor 

The General Electric H11A10 is a gallium arsenide infrared emitting diode coupled with a 
silicon photo transistor in a dual in-line package. It is characterized and specified with 
two resistors, one on the input and one on the output. This configuration provides a 
circuit which will detect a doubling of the input current level by registering more than a 
twenty to one difference in the output current over a wide temperature range. 


FEATURES: 
© Programmable Threshold - “off” to “‘on” with a 2/1 change in input current 
@ Glass Dielectric Isolation 
® Fast Switching Speeds 
® Operation over wide temperature range oe 
@ High Noise Immunity 
© Covered under U.L. Component Recognition Program, reference file E51868 


absolute maximum ratings: (25°C) (unless otherwise specified) 


a 
INFRARED EMITTING DIODE searing f+ ae 
Power Dissipation Ta = 25°C milliwatts a ott r | 
Power Dissipation Tc = 25°C milliwatts + of 
Forward Current (Continuous) milliamps : 
Forward Current (Peak) 
(Pulse width 1 psec, 300 pps) ampere 
Reverse Voltage volts ewan. LesciNh | MCL METER T 
a $30 oles 8 18.89 
*Derate 1.33mW/°C above 25°C 8: p00, RECS 2. REF ve 
o O16 e209 406) S08 
E 200] 5.08 4 
F 040] O70}1.0.1 1.78 
G O90} .1 102.268 [2.79 
H 08 5 | 5 
J 008) O12] 203) 305 
« 100 54 : 3 
PHOTO-TRANSISTOR N fois] |. | 30 3 
R |.100| 1esi2sa | azo 
Power Dissipation Ta = 25°C **300 milliwatts s__| 225] .280[5.71 |7. 12 


NOTES 
|. There shall be a permanent indication of term - 
inal orientation in the quadrant adjacent to 
terminal | 


Power Dissipation To = 25°C ***500 milliwatts 
(Tc indicates collector lead temperature 1/32” from case) terminal «ai ieaa Senlare 
VcEO 30 volts a Thete mgnecremente gre made from the sent- 
Vcpo 70 volts 5 Four places. 
VEBO volts 


Collector Current (Continuous) milliamps 


**Derate 4.0mW/°C above 25°C J Sap et a 
*#*Derate 6.7mW/°C above 25°C 


Ri 
~ 
‘ 
TOTAL DEVICE S054 ae 

Storage Temperature -55 to 150° Cc patie thy 
Operating Temperature -55 to 100°C 
Lead Soldering Time (at 260°C) 10 seconds THRESHOLD SWITCH BIAS 
Input to Output Isolation Voltage 1500V peak) CIRCUIT ILLUSTRATION 


Surge Isolation (Input to Output) 
1500V peak) 1060VRMs) 
Steady-State Isolation Voltage (Input to Output) 
950V (peak) 660V(RMs) 
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H11A10 
individual electrical characteristics (25°C) (unless otherwise specified) 
INFRARED 
EMITTING 


DIODE SYMBOL tw | UNITS | PHOTO-TRANSISTOR | SYMBOL leat Levee nase UNITS 


Forward Voltage 1.5 volts Breakdown Voltage V(BR)CEO 30 


(Ip=10mA) (Ic=10mA, Ip=0) 
Reverse Current microamps | Breakdown Voltage V(BR)CBO 
(Vp=6V) (Ic=100uA, Ip=0) 
Capacitance picofarads Breakdown Voltage V(BR)EBO 
(V=0, f=1 MHz) (Ig=100uA, Ip=0) 


HIIAIO 


FIGURE 1 


THRESHOLD CIRCUIT CHARACTERISTICS - BIAS PER FIGURE 1 
(-55°C to 100°C Unless Otherwise Specified) 


Output Current (Voy,=10V, lin < SmA, T4=25°C) nanoamperes 
Output Current (V_,,=10V, I, S S5mA, T,=100°C) microamperes 


D.C. Current Transfer Ratio 
(Vout=1OV, I, 2 10mA) percent 


Output Saturation Voltage (I,,=10mA, I,,,,=0.5mA) 5 . volts 


> “out 
Input to Output Resistance (V;,=500V) Note 1 gigaohms 
Turn-On Time (Vcc = 10V, 1,,=20 mA, R, =1000) microseconds 
Figure 2 


Turn-Off Time (Vcc = 10V, I,,=20mA, R,=1002) microseconds 
Figure 2 


Note 1: Tests of input to output isolation current resistance, and capacitance are performed with the input terminals (diode) 
shorted together and the output terminals (transistor) shorted together 


lin 


oA INPUT 
o L_opuLsE 


p-toff 
= TEST CIRCUIT VOLTAGE WAVE FORMS 


FIGURE 2 
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Tout -NORMALIZED OUTPUT CURRENT 


lout -NORMALIZED OUTPUT CURRENT 


TYPICAL CHARACTERISTICS 
BIASED PER FIGURE 1 


1000 -— 
t 77 | 1000 T 7 
rt a 4 t 
x 500 f cad 4 
fresre 
100 |. 4 | 
4 + i i 
ioo°c -$5°C 100 + 
rf i i | 
« I . | 
of iob - Zz 90 ry - 
1 : ~ = \ 
£ j 
+ 
z | ! Be 
a 
E 5 
a 10 = oe a ire) 
2. 5 
5 Sek | 
| a ae 
- ' R,21508 wi 
ee ! S | NORMALIZED TO: 
Zo: 3 | Vout "l1OV 
“ = - z : i TyyeSma 
| = 10 fan Ry* 1502 
| 3 | : Ro=2.7 MB | 
a — — 4 O85 +} Tas 1500 + 
| i 
' | 
\ | 
001 _t J. o. i alt nm 
0 5 1.0 1.5 2.0 2.5 ° ag ae 2. oe. 08 
Vw — INPUT VOLTAGE- VOLTS Ta- AMBIENT TEMPERATURE-C* 


PROGRAMMING AND TRANSFER CHARACTERISTICS 


{| —}nonMaLize0 To: 
Vour #!0V 


1" t Tas +25°C | 


f i) oy 
oS a [+f mt | ay 
Tax 25°C s Tiyt20mar—— 
10 
! a t toma |_| 
m. 
1 
ee 
| 
i 
rt 2 10°! a 
tole A on! os ree 
ae 
3 
0-*| 5 
- NORMALIZED TO: 
5 10-2 “—— Vout 10¥ 
1073) ey HL tye t0 mA 
x Ay 1500 
F \ Ag" 2.7m, 
3 
i] 
a 
3 
s 


Tyy* toma 
10°F Ry=1508 = >> 
T Ee i Ro72.7MQ TT 4 
j Tat $25°C 
10-6 t 
= it 
10-7 ee 
1 2 4 6 810 20 40 60 8010 200 Ot J 1.0 10 100 
Tyy “INPUT CURRENT - ma Vout —OUTPUT VOLTAGE-VOLTS 
3. TEMPERATURE 4, INPUT CURRENT 
100 I ) 7 
eee an 
lor t t 
| | 
1 { 
4 
—— f 4 « 
\ m4 € 
a q 
1072 + t a 
Ry fssonfison =, saa ; & 
1073} 4 4 2 
2 
NORMALIZED TO: z 
lo-4 + Ry 1500 te 
R= 27M0 e 
Vout" 0¥ 
tors + Tyyt toma 
Tas 28°C 
10-6 | | 28 i 
lo? t a 
\ 2 4 6 80 40 608010 200 10 15 20 3040 60 80 00 180 200 300 400 600 
Lin -INPUT CURRENT—mA Ri-INPUT RESISTOR ~OHMS 
5. THRESHOLDING 6. PROGRAMMING 
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H11A10 THRESHOLD COUPLER APPLICATIONS 


LINE CURRENT MONITORS 
LINE DROPOUT ALARM LIGHT 


LINE Ri 
—s 


When remote line current (I, yp) falls below 
the programmed threshold value the LED 
turns on, indicating loss of power to critical, 
isolated circuit function. Phase inversion, ac- 
complished by replacing the D32L1] with a 
D34C]1 PNP and interchanging the collector and 
emitter connections, provides an over-current 
alarm light. 


INFORMATION FLOW DIRECTOR 


To minimize lines needed to communicate between A and B, a queue system is set up using H11A10’s to monitor 
line use and set up the queue procedures. 


NLINE A 


PROCESSOR 1: al PROCESSOR 


A THIIAIO | B 
INHIBIT B 5 


HIIAIO 150K THERMISTOR 50K HEATER 
/HILAIO 
or ClO6B 
3V Ri 6V Ry os 10 
AC POWER 
7 LINE 
Clo6B 
conouctiviry 2 AC POWER Ro 
PROBE LINE 


DILUTION SOLENOID 


In many process control applications such as solution mixing, resistor trimming, light control and 
temperature control, it is advantageous to monitor conductivity with isolated low voltages and 
transmit this information to a power control or logic system. Low voltages are often preferred for 
safety, convenience or self heating considerations or to prevent ground loops and provide noise 
immunity. Until the advent of the H11A10 such systems were complex and costly. Using the H11A10 
allows the use of simple low power circuits such as illustrated here to provide these functions. In 
battery operated systems, the low current thresholds of the H11A10 can considerably enhance 
battery life. 
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Photon Coupled Isolator H11A520-H11A550 -H11A5100 


Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor 


4 
The General Electric H11A520, H11A550 and H11A5100 con- R 
sist of a gallium arsenide, infrared emitting diode coupled with a i 
a silicon photo-transistor in a dual in-line package. 
rile 


FEATURES: 


e High isolation voltage, SOOOV minimum. 
e General Electric unique patented glass isolation con- 


struction. 


e High efficiency liquid epitaxial IRED. 


e High humidiy resistant silicone encapsulation. 


e Fast switching speeds. 


INCH MILLIMETER Al 
SYMBOL | MI MAX.| MIN. | MAX, | NOTE: 
i j . ° : . 8 | 300 RerlZe2 rer) 2 
absolute maximum ratings: (25 C) (unless otherwise specified) 8 Ak 2 
o 016] 020) 406) 508 
© ‘ . 4 
INFRARED EMITTING DIODE ¢ |gsaerdees (are | 
rae - ° wae NOTES ste as ‘. i l 
Power Dissipation - T, = 25°C *100 milliwatts "pal eviantetion nthe quaarantaojecent 10 x [iol ese | | 3 
‘s We mini ' 45° 
Forward Current (Continuous) 60 = milliamps 3 etaned posi on 68a conte: X os] fae | 3 
3, Overall instalied dimension. : . 
Forward Current (Peak) 3 amperes 4 These mensremente oe ade om Ie ae R )-199) Lasizsa | 470 


(Pulse width 1 usec, 300 pps) 
Reverse Voltage 


*Derate 1.33mW/°C above 25°C. 


Power Dissipation — Ta = 25°C **300 


**Derate 4.0mW/°C above 25°C. 


PHOTO-TRANSISTOR 


volts 


milliwatts 


seating { 


as int 
ale 


ric ag 


5. Four places. 


TOTAL DEVICE 


Storage Temperature -55 to 150°C. 
Operating Temperature -55 to 100°C. 
Lead Soldering Time (at 260°C) 10 seconds. 


5000V pc) 


individual electrical characteristics (25 °C) (unless otherwise specified) 


INFRARED EMITTING DIODE 


PHOTO-TRANSISTOR 


Forward Voltage — Vr 
(Ug = 10mA) 
Forward Voltage — Vp 
(Ip = 10mA) 
Ta = -55°C 


Rorward Voltage — Vr 
Ta = = 410° Cc 
Reverse Current — Ip 
(Ve om 6V) 
Capacitance — Cy 
(V = O,f = 1MHz) 
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Breakdown Voltage — ViprycEo 
(Ic a 10mA, Ip = O 

Breakdown Voltage — ViprycBo 
(Ic = 100uA, Ip 7 O) 

Breakdown Voltage — Vipr)EBO 
(Ip = 100uA, Ip = O) 


Collector Dark Current — Iczo 
(VoE = 10V, Ip = O) 
Collector Dark Current — Icgo 
(Vcr = 10V, Ip i O) 
T, = 100°C 
Capacitance — Cog 
(Vcr = 10V, f= 1MHz) 


VcEo 30 volts Surge Isolation Voltage (Input to Output). See Note 2. 
Vcso 70 volts 5656V (peak) 4000VrMs) 

VEBO 7 volts Steady-State Isolation Voltage (Input to Output). 
Collector Current (Continuous) 100 ~=— milliamps See Note 2. 


3000V (Rms) 


anna UNS 


volts 
volts 
volts 
nano- 
amps 
micro- 


amps 


pico- 
farads 


H11A520, H11A550, H11A5100 


coupled electrical characteristics (25°C) (unless otherwise specified) 


DC Current Transfer Ratio (Ip = 10mA, Vog = 10V) H11A5100 % 
H11A550 %o 
H11A520 %o 


Saturation Voltage — Collector to Emitter (Ip = 20mA, Ic = 2mA) 4 {volts 
Isolation Resistance (Input to Output Voltage = 500Vpc. See Note 1) gigachms 
Input to Output Capacitance (Input to Output Voltage =O,f= 1 MHz. See Note 1) .O | picofarads 
Turn-On Time — ton (Voc = 10V, Ic = 2mA, Ry = 100). (See Figure 1) microseconds 
Turn-Off Time — tor (Voc = LOV, Ic = 2mA, Ry =100Q). (See Figure 1) microseconds 


NOTE 1: 
Tests of input to output isolation current resistance, and capacitance are performed with the input terminals (diode) shorted together 
and the output terminals (transistor) shorted together. 
NOTE 2: 
Surge Isolation Voltage 
a, Definition: 
This rating is used to protect against transient over-voltages generated from switching and lightning-induced surges. Devices shall be 
capable of withstanding this stress, a minimum of 100 times during its useful life. Ratings shall apply over entire device operating 
temperature range. 
b, Specification Format: 
Specification, in terms of peak and/or RMS, 60 Hz voltage, of specified duration (e.g., 5656Vpeak/4000VRMsg for one second). 
c. Test Conditions: 
Application of full rated 60 Hz sinusoidal voltage for one second, with initial application restricted to zero voltage (i.e., zero phase), 
from a supply capable of sourcing 5mA at rated voltage. 
Steady-State Isolation Voltage 
a, Definition: 
This rating is used to protect against a steady-state voltage which will appear across the device isolation from an electrical source 


during its useful life. Ratings shall apply over the entire device operating temperature range and shall be verified by a 1000 hour 
life test. 


b. Specification Format: 
Specified in terms of D.C. and/or RMS 60 Hz sinusoidal waveform. 
c Test Conditions: 


Application of the full rated 60 Hz sinusoidal voltage, with initial application restricted to zero voltage (i.e., zero phase), from a 
supply capable of sourcing SmA at rated voltage, for the duration of the test. 


ee RL 


TEST CIRCUIT VOLTAGE WAVE FORMS 


FIGURE 1: Adjust Amplitude of Input Pulse for Output (Iq) of 2mMA 
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TYPICAL CHARACTERISTICS 


H11A520, H11A550, H11A5100 


1000 
100 7 
i. 
4 24 = = at 
& 10 Ly 
5 ° ai 
& 3-22 — 1 
a —E 
3 £ 
oF + Fa t 
@ at 2 Fae ; + 
Efe i |_| 
2 # - 18 ee - i 
OIE —_} f_____] & l 
i Litt | ee 
aa a Ht 
= 
w 16 4 
Ol T 7 I 
“14k { ' = cabs 
\. poe L 
00! J i 
fe) 5 10 15 20 V 2 A 6 8 10 2 4 6 86 100 20 40 60 80 100 
Vp - FORWARD VOLTAGE - VOLTS Ip - FORWARD CURRENT - ma 
1. INPUT CHARACTERISTICS 2. FORWARD CURRENT TEMPERATURE 
COEFFICIENT 
‘See manaes, a ; 
Mee 30¥ 
Veg *20¥ Ht cae 
Nee: 10v | | 
103} 103} 
Vog™30¥ 
Vogt 20v 
5 s Year ov | 
E ioe = oat 
3 t = 8 a 
a a ress 
| NonMarizeD. TO F 
§ to! Th = 625°C g 10! 4 
i Ip +0 5 = 
2 7 2 7 
a 
| NORMALIZED TO: 
Lo Tee. asec 
: ae 
\ 10 af + 
| b 5 [ 
i 
oF = +25 +50 475 +100 Ol +25 +50 +100 
Ta- AMBIENT TEMPERATURE - §C Tq-AMBJENT TEMPERATURE -*C. 
3. DARK Iceqg CURRENT VS. TEMPERATURE 4. Icpo VS. TEMPERATURE 
50, + 100 7 
NORMALIZED TO: q | | 
Voce «10 VOLTS: 50 + 4 
Ip toms i 
1oL 4 + — 
‘ i) 10 Mb 
eae ee ae Tp *50mA 
Tps20mA 5 
& _q 
g 
3 1.0 Tp "10mA | 
5 ‘ @ ob— 
£ 0s F 
= Ips SmA = 5 
oO oO 
q : 
3 «2ma4 5 
a Ips 2ma 3 0. 
8 " i & 08 
mh Ol 
005 005 
Ip sma, 
L a: 4 I 
001 FF 08 Of 05 10 5 10 30, 0 Ol 6) 02 04 06 0801 2 4 #6 810 20 
Veg * COLLECTOR TO EMITTER VOLTAGE - VOLTS Vog - COLLECTOR TO EMITTER VOLTAGE - VOLTS 
5. OUTPUT CHARACTERISTICS 6. OUTPUT CHARACTERISTICS 
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H11A520, H11A550, H11A5100 


TYPICAL CHARACTERISTICS 


a a 


NORMALIZED TO 
Veg = 10V 
Ip *lOma 


I ¢gq-NORMALIZED OUTPUT CURRENT 
° 
T 


H 


9 2 4 6 
Tp -INPUT CURRENT-mA 


7. OUTPUT CURRENT VS. INPUT CURRENT 8. OUTPUT CURRENT — COLLECTOR-TO-BASE 
VS. INPUT CURRENT 


0001 = 41 
4 2 4 & 8 


oO alt 
40 60 60 100 pel) 2 8 10 20 40 60 80 100 


4 & 8 1 2 4 6 
Tp - INPUT CURRENT -mA 


Lego- NORMALIZED OUTPUT CURRENT 


T ceg-NORMALIZED OUTPUT CURRENT 


=50 28 0 25 30 5 700 Se 
Ta - AMBIENT TEMPERATURE -*C Rye- BASE RESISTOR - Kao. 
9. OUTPUT CURRENT VS. TEMPERATURE 10. OUTPUT CURRENT VS. BASE EMITTER 
RESISTANCE 
ip 7 } 
_t 150 -——+ 
g zi MiG RGR wm] [TT 
- NORMALIZED ton FOR Ip * (Oma 1 
. ‘ R= 1ka ey E - 
; : 1 | ; : NORMALIZED ton FOR Ips 
se i 
é 8) NORMALIZED TO: TTT 5 [ 
E 6P— Vee #10 VOLTS oe 5 
3 Iceg* 2mA | S eee) Kee +44] 
a eae oo a rnipomn | NS 
= R, +102 F | TOM ta 
§ a 1 a i Tt cad ea (iia (al | 2 25) NORMALIZED tory FOR Ip * 2OmA bar eadd aa co 
4 q + fs st +1 +} 
ory 7 EG —— 6 810. 20 40 6080100 © 20 al roo z00 00 600 
Tego- OUTPUT CURRENT-mA Rag - EXTERNAL BASE RESISTOR-KO. 
11. SWITCHING TIMES VS. OUTPUT CURRENT 12. SWITCHING TIME VS. Ree 
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AC INPUT PHOTON COUPLED ISOLATOR H11AA1-H11AA2 
Ga As Infrared Emitting Diodes & NPN Silicon Photo-Transistor 


The General Electric H11 AAI and H11AA2 consist of two gallium arsenide infrared emit- 
ting diodes connected in inverse parallel and coupled with a silicon photo-transistor in A eee kl, 


a dual in-line package. 
oe 


FEATURES: 
fas ae 
| 


@ AC or polarity insensitive inputs 
@ Fast switching speeds 

@ Built-in reverse polarity input protection 
@ High isolation voltage ky 
© High isolation resistance 
e {/O compatible with integrated circuits a 


absolute maximum ratings: (25°C) (unless otherwise specified) 


SYMBOL MIN MAX MI CMAN nores| 
INFRARED EMITTING DIODE s [as aaeze Pee] 
Power Dissipation Ty =25°C *100 milliwatts 5 | o16| 024 aoe) soa) * 
ert : apa 4 
Power Dissipation Tc = 25°C *100 milliwatts & {930 1roeze lars 
(T¢ indicates collector lead temperature 1/32” from case) DMs sel O88) acq glee eal oS 
Input Current (RMS) 60 milliamps mf sel? 4 | ge] 5 
N ie} F 
Input Current (Peak) + 4 > ampere ef) 75] 28 loss |? 
‘ R 100] 185/254 470) 
(Pulse width lusec, 300 pps) LS _1-226] 280/871 [7.12 
|. There shall be a permanent indication of term - 
- 7 é ing ecenation in the quadrant adjacent to 
Derate 1.33mW/°C above 25°C 2. Installed position lead centers. 


3. Overall installed dimension 

4. These measurements are made fram the sent- 
ing plane 

5. Four places. 


PHOTO-TRANSISTOR 


Power Dissipation Ta = 25°C =**300 milliwatts 
Power Dissipation Te = 25°C ***500 milliwatts 
(Tc indicates collector lead temperature 1/32” from case) 
VcEO 30 volts 
Vcsgo 70 ~~ volts 
VEBO 5 volts 
Collector Current (Continuous) 100 ~~ milliamps 


**Derate 4.0mW/°C above 259C 
***Derate 6.7mMW/°C above 25°C 


TOTAL DEVICE 


Storage Temperature -55 to 150°C 
Operating Temperature -55 to 100°C 
Lead Soldering Time (at 260°C) 10 seconds 


Surge Isolation Voltage (Input to Output) 
1500V (peak) 1060V(RMs) 
Steady-State Isolation Voltage (Input to Output) 


1289 


H11AA1, H11AA2 


individual electrical characteristics (25°C) (unless otherwise specified) 


SYMBOL UNITS | PHOTO-TRANSISTOR SYMBOL | MIN.|MAx. | UNITS 
Vp 


30 
70 
5 
100 
200 
Current Transfer Ratio (Vo, = 10V, I, = + 10mA) 


HI1AA1 percent 

H1I1AA2 percent 
Saturation Voltage - Collector to Emitter (Iopg=0.SmA, Ip= +10mA) . volts 
Current Transfer Ratio Symmetry: logo(VcRp=1OV, Ip=10mA) 


Icgo(Vcp=10V, T.=-10mA) 


Input Voltage Breakdown Voltage ViBr)cEO 
H11AAi volts 
H1I1AA2 volts Breakdown Voltage ViBRycBoO 


(Ic = 100A, Ip = 0) 
Breakdown Voltage 

(Ig = 100uA, Ip = 0) 
Collector Dark Current 

(Vcr = 10V, Ip = 0) 
HI1AAI 
H11AA2 


Capacitance 
(V = 0, F= 1 MHz) 


picofarads V(BR)EBO 


IcEo 


nanoamps 
nanoamps 


Note 2 


H11AA1 
Isolation Resistance (Input to Output Voltage = 500Vpc. See Note 1) gigaohms 


Note 1: Tests of input to output isolation current resistance, and Capacitance are performed with the input terminals (diode) 
shorted together and the output terminals (transistor) shorted together 


10 T 


ip MAXIMUM 
PEAK 


OUTPUT Ip=-|lomal 


1 


\e=|\OmAl 


Ic MINIMUM 
PEAK 
OUTPUT 


cS] 


(CEQ\OUTPUT WAVE FORM (SEE NOTE 2) 
AT Vog 75V 


IGEQ-NORMALIZED PEAK OUTPUT CURRENT 
3 
n 


10-3 
| | 0.01 aul | 10 100 


Voce ~COLLECTOR TO EMITTER VOLTAGE - VOLTS 


Note 2: The H11AA1 specification guarantees the maximum 
peak output current will be no more than three 
times the minimum peak output current at 
Ip = 10mA 


Ip INPUT WAVE FORM 
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TYPICAL CHARACTERISTICS H11AA1, H11AA2 


60 
10- — T 
5 + 4 | 
NORMALIZED TO 
Veg "10V 
Ip #10mA 
10 i + L 4 
= 
z 5 
4 id 
4 
€ 
J 3 
é 
z 
: an ian 
& e 
« 
3 3 05 
hd 
A a 
i 3 
7 ol 
g 005} — 
& 
& 
Pe 
-40 001 +4 
.0005 
-80 
a coo + 1 Le ea 
720-15 -10 -05 0 O 10 IS 20 aia 2 4 6 810 2 4 6 8 20 40-60 80 WO 
V = INPUT VOLTAGE -VOLTS Ip “INPUT CURRENT- mA 


1, INPUT CHARACTERISTICS 2. OUTPUT CURRENT VS INPUT CURRENT 


10%) 7 T i 4 
Voce = 30¥ | 
fi Ace 20V 3 Ip? 20m, 
Vee 1Ov_| 
f 
103 1 
t iS Ips 10mm iz 
+ i = 8 = 
fe 
i \ & s+ | 
: : 
€ 2 | ! o 44+ Ip= Sma 
S10 at +4 = 
| 
g } Et 
8 o 
g g 2 
a a. 
= NORMALIZED TO | 
Ey oe z 
$ 10} - re i ; 
Be Ip =o a 2 ‘ct + Ip= eet 
2 9.08 
1 3 
{ ~ 06 
ia : 
at 
| 
= + : 4 NORMALIZED TO Ips im 
Vog=10V 
i : Tp *10mA 
' | t 02 Ty =025°C 
\ 
oF 325 cd +100 Ol gs +5 00 


#1 ¢ 5 fe) 25 50 
Ta- AMBIENT TEMPERATURE - °C Ja - AMBIENT TEMPERATURE -°C 


3. DARK Ic¢gg CURRENT VS TEMPERATURE 4. OUTPUT CURRENT VS TEMPERATURE 


50 Se 
NORMALIZED TO: 
Veg #10 VOLTS 
Ip 210 mA 
10} 
— 
{~ Tp *50mA 
1 
Te *20mA 
5 5 
z 
é Z 
ai? Tp *10mA = 
5 Fe 
O05 5 
5 ~ Tes 5 mA @ 
© 3 
g g 
3 
5 
| Z 
Ol + Ip= 2mA z 
& 8 
2 2 
= 05 3 
9 
3 L 7 
s Ip= ma 
ol a eee 
005 | 
1p 2O1ma 
1 
oS os oO 5 io r) 100 20hig 20 40 60 80 100 200 400 600 8001000 


ar] . 
XTERN 
Veg * COLLECTOR TO EMITTER VOLTAGE- VOLTS Rgg-BASE RESISTOR -Ka 


5, OUTPUT CHARACTERISTICS 6. OUTPUT CURRENT VS BASE 
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H11AA2, H11AA2 


LOAD MONITOR AND ALARM 


120 VAC 


+5V 


1OK 


INPUT TO LOGIC 


H11AA APPLICATIONS 


POWER SWITCH 


MONITOR 
SWITCH 


3.9K | 


ALARM 


320 


0.33 


|HIIAA 


LED 
ALARM 
LIGHT 


RING DETECTOR 


rf 
(5 


In many computer controlled systems where 
AC power is controlled, load dropout due to 
filament burnout, fusing, etc. or the opposite 
situation - load power when uncalled for due to 
switch failure can cause serious systems or 
safety problems. This circuit provides a simple 
AC power monitor which lights an alarm lamp 
and provides a “1” input to the computer 
control in either of these situations while 
maintaining complete electrical isolation be- 
tween the logic and the power system. 


Note that for other than resistive loads, phase 
angle correction of the monitoring voltage 
divider is required. 


In many telecommunications applications it is 
desirable to detect the presence of a ring 
signal in a system without any direct electrical 
contact with the system. When the 86 Vac 
ring signal is applied, the output transistor of 
the H11AA is turned on indicating the presence 
of a ring signal in the isolated telecommuni- 
cations system. 


UPS SOLID STATE TURN-ON SWITCH 


BATTERY 
+ 


D45H8 


TO INVERTER 
OR ENGINE 
2N5308 STARTER 
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Interruption of the 120 VAC power line 
turns off the H11AA, allowing C to charge 
and turn on the 2N5308-D45H8 combination 
which activates the auxiliary power supply. 
This system features low standby drain, isola- 
tion to prevent ground loop problems and the 
capability of ignoring a fixed number of ‘“drop- 
ped cycles” by choice of the value of C. 


Photon Coupled Isolator H11B1- H11B2-H11B3 


Ga As Infrared Emitting Diode & NPN Silicon Photo-Darlington Amplifier 


The General Electric H11Bl, H11B2 and H11B3 are gallium 
arsenide, infrared emitting diodes coupled with a silicon photo- 
darlington amplifier in a dual in-line package. 


absolute maximum ratings: (25°C) 
{NFRARED EMITTING DIODE 


Power Dissipation 
Forward Current (Continuous) 
Forward Current (Peak) 


milliwatts 

milliamps 

ampere 
(Pulse width 1 usec 300 P Ps) 

Reverse Voltage 3 


*Derate 1.33mW/°C above 25°C ambient. 


volts 


PHOTO-DARLINGTON 


Power Dissipation milliwatts 
volts 


volts 


VcEO 
VcBo 


INCH MILLIMETER 
SewS0L MIN. MAX.| MIN. MAX, | NOTES] 
4 330) 3506.38 [6.69 
@ e | 300 REF\7Z62 REF) 2 
c 34 6 3 
é 6 | 016} 020 .406| 508 
¢ E 200 soe | 4 
F 040) O7A.01 1.78 
6 |o90l 110228 279 
4 oa5| \ 8 
tothe oa" ve J 008! O12} 203] 305 
K 100 254 3 
M Ly i) 
N Os 361 3 
P 375 9.83 
R | .(00) 185/254 
= (225| ‘2805.71 7. 4° 


‘, There shall be a permanent indication of term - 
nal orientation in the quadrant adjacent to 
fermi jolt 
2. Installed position lead centers. 
; Overall instatled dimension 
Senet measurements are made from the seq~ 


FL 
40, 


6 sri 
Fl | Hig PLANE 


TOTAL DEVICE 


plane. 
5. Four places. 


Storage Temperature -55 to 150°C 
Operating Temperature -55 to 100°C 
Lead Soldering Time (at 260°C) 10 seconds 
Surge Isolation Voltage (Input to Output). 
H11B1 2500V (peak) 1770V;RMs) 


Veco 


Collector Current (Continuous) 100 


**Derate 2,0mW/°C above 25°C ambient. 


H11B2, B3 
volts 
milliamps H11B1 
H11B2, B3 


Steady-State Isolation Voltage (Input to Output). 


1500V (peak) 
950V (peak) 


1060V rms) 
660V (Rms) 


individual electrical characteristics (25°C) 


INFRARED EMITTING DIODE 


PHOTO-TRANSISTOR 


Forward Voltage 
H11B1, B2 (Ip = 
H11B3 


10mA) 
(Ip = 50mA) 


volts 
volts 


Reverse Current 


(Vp =3V) microamps 


Capacitance 
(V = O,f = 1MHz) 


picofarads 


coupled electrical characteristics (25°C) 


DC Current Transfer Ratio (Ip = 1mA, Vcg = 5V) 


Saturation Voltage — Collector to Emitter (Ip = 1mA, Ic = 1mA) 


Isolation Resistance (Input to Output Voltage = 500Vpc) 


Breakdown Voltage — V(pr)cEo 
(Ic = 10mA, I¢ = O) 
Breakdown Voltage — VigrycBo 
(Ic = 100uA, Ip = O) 
Breakdown Voltage - V(gryEco 
(lg = 100uA, Ip = O) 
Collector Dark Current ~— Icgo 
(Vor = 10V, Ip = O) 
Capacitance 
(Vcr = LOV,f = 1MHz) 


volts 
gigaohms 


Input to Output Capacitance (Input to Output Voltage = O,f = 1MHz) 
Switching Speeds: (Vcg = 10V, Ic = 10mA, Ry = 10022) 
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picofarads 
microseconds 
microseconds 


On-Time 
Off-Time 


Q 
3 
2 


I_- FORWARD CURRENT - mA 


i00 -—— 


2 


Q 
° 


Tegq- NORMALIZED OUTPUT CURRENT 


H11B1, H11B2, H11B3 


TYPICAL CHARACTERISTICS 


il 
i 
ai 
my 
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il 
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\J 
NT 
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ii 


ae 


Togo -NORMALIZED OUTPUT CURRENT 


Ta = +25°C 


NORMALIZED —— 
Vee = 5V 
Ip etmA ; 


x 


cl 1.0 


OUTPUT CURRENT VS INPUT CURRENT 


5 10 
Ie - INPUT CURRENT -mA 


OU 


—T. 
715 


256 65 
Ta- AMBIENT TEMPERATURE - °C 


TPUT CURRENT VS TEMPERATURE 


too 


lon] 


-NORMALIZED OUTPUT CURRENT 


Ol 


Teo 


Rele]) 
ie] 


NORMALIZED TO: 
Voe = 5V 


5 1.0 15 2.0 j 10 10 
Vp - FORWARD VOLTAGE - VOLTS Veg COLLECTOR TO EMITTER VOLTAGE - VOLTS 
INPUT CHARACTERISTICS OUTPUT CHARACTERISTICS 
100 
LOAD RESISTANCE t H 
10N 
r 4 NORMALIZED TOL _{_1_ 108 
Voce IOV z i 
< | Ri 71000 Ren & 
d Togot oma 5 104 
5 CEO 2 
i 10K C im —| + ia = c 
« a ir 
3 mle il + rT ms < 103 ke + 
FE T ~T TT 
> i=) 
- + rit | N ig2 
% a3 
fale ES mi 5 io! a NORMALIZED TO: 
i +} 4 i z Veg = IOV 
— _— oe 9° Ip 70 
1.0 Ta = +25°C 
Trt } :: i — 
on A REPS 
0.01 ol 10 100 fo) +25 +45 +65 +85 +100 


NORMALIZED SWITCHING SPEED 


tat tp tig ty 


SWITCHING SPEED VS OUTPUT CURRENT 
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Ta - AMBIENT TEMPERATURE - °C 


NORMALIZED DARK CURRENT VS TEMPERATURE 


Photon Coupled Isolator H11B255 


Ga As Infrared Emitting Diode & NPN Silicon Photo-Darlington Amplifier 


The General Electric H11B255 consists of a gallium WILUIMETER 
7 . a > oe i as SYMBOL MAX. + MIN. f MAX. | NOTES! 
arsenide infrared emitting diode coupled with a silicon : ssoeas: less.) 
photo-darlington amplifier in a dual in-line package. c S40) celesoal 
E 2 4 
* . F O70}1.01 1.78 
absolute maximum ratings: (25°C) é erSe28 ets | 
J O12] 203) 305! 
INFRARED EMITTING DIODES MH isePo* | ise] e 
Pp 375 9.53 
Power Dissipation *90 milliwatts ees Tote! me & | p93) pesos [742 
Forward Current (Continuous) 60 = milliamps j PLANE : i | | | se here shall be permanent nation a erm - 
== ee inal orientation in the quadrant adjacent 10 
Forward Current (Peak) 3 ampere NX > = c i 2 Tntalled position Jead centers. 
(Pulse width 1usec. 300 P Ps) ol oor : a Theca iueeorsrores are vader k= 
Reverse Voltage 3 volts L———4 5, Four plces 


*Derate 1.2mW/°C above 25°C ambient. 
TOTAL DEVICE 


Storage Temperature -55 to 150°C 
Operating Temperature -55 to 100°C 
Lead Soldering Time (at 260°C) 10 seconds. 
Surge Isolation Voltage (Input to Output). 
1500V (peak) 1060V rms) 
Steady-State Isolation Voltage (Input to Output). 
950V (peak) 660V (RMS) 


PHOTO-TRANSISTOR 


Power Dissipation milliwatts 
VcEO volts 
VcsBo volts 
VEBO volts 
Collector Current (Continuous) 100  milliamps 


**Derate 2,8mW/°C above 25°C ambient. 


Forward Voltage 


Breakdown Voltage — V(prycro 
(Ip = 20mA) 


(Ic = 100uA, Ip = O) 
Breakdown Voltage — V(prycBo 
(Ic = 100KA, Ip = O) 
Breakdown Voltage — V(gr)EBo 
(ig = 100uA, Ip = O) 
Collector Dark Current —Ic¢o 
(Vcr = 10V, Ip = O) 
Capacitance 
(Vcr = 10V,f = 1 MHz) 


volts 


Reverse Current 
(Vr = 3V) 


volts 


nanoamps 


Capacitance 
(V = O,f = 1 MHz) 


picofarads 


coupled electrical characteristics (25°C) 


DC Current Transfer Ratio (Ip = 10mA, Vex = 5V) 
Saturation Voltage — Collector to Emitter (Ip = 5O0mA, Ic = 50mA) 
Isolation Resistance (Input to Output Voltage = 500Vpc) 

Input to Output Capacitance (Input to Output Voltage = O,f = 1 MHz) 
Switching Speeds: On-Time — (Vcg = 10V, Ic = 10mA, Ry = 1002) 
Off-Time — (Vcr = 10V, Ic = 10mA, Ru = 10022) 


volts 
gigaohms 
picofarads 
microseconds 
microseconds 
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~ NORMALIZED OUTPUT CURRENT 
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I, ~ FORWARD CURRENT - mA 


Tcgq OUTPUT CURRENT-mA 
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1. OUTPUT CURRENT VS. INPUT CURRENT 
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5. SWITCHING SPEED VS. OUTPUT CURRENT 
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Loco -NORMALIZED OUTPUT CURRENT 


oUF 
ea Ta 


TYPICAL CHARACTERISTICS 


10. 


“15 25 65 100 
Ty - AMBIENT TEMPERATURE ~—°C 


2. OUTPUT CURRENT VS. TEMPERATURE 


NORMALIZED TO: 
Vee = 5V 
= 10mA 


to 10 100 
Vce- COLLECTOR TO EMITTER VOLTAGE - VOLTS 


4. OUTPUT CHARACTERISTICS 


M7 


NORMALIZED TO: 
f Vee = IOV 
Ip =O 
+ =e Ta = +25°C = 
[ f [ a 
fe) +25 +45 +65 +85 +100 


Ta ~ AMBIENT TEMPERATURE - °C 


6. NORMALIZED DARK CURRENT VS. 
TEMPERATURE 


Photon Coupled Isolator H11BX522 


Ga As Solid State Lamp & NPN Silicon Photo-Darlington Amplifier 


absolute maximum ratings: (25°C) 


i 25 
i 
INFRARED EMITTING DIODE Lf SEATING an 1225] ‘260{5.71 [7.12 
2 slog pal NOTES : ; ‘ 
Power Dissipation milliwatts = L inal grientation in ne quaarant adjacent 10. 
4 


The General Electric H11BX522 is a gallium arsenide, infrared mo | 

emitting diode coupled with a silicon photo-darlington amplifier . 8 

in a dual in-line package. i ca | 8 
a : 


. “WF: 301 terminal | 
Forward Current (Continuous) milliamps Pees ay I or, 2 Intaed sositin eo caver 
. Overall ins tatte imensian, 
Forward Current (Peak) amperes 4 Thee mensrements Ome tom te sent 
(Pulse width 1 usec 300 P Ps) Volts 5.Four places 


Reverse Voltage 


*Derate 1.33mW/° above 25°C ambient. 
TOTAL DEVICE 


Storage Temperature -55 to 150°C 
Operating Temperature -55 to 100°C 
Lead Soldering Time (at 260°C) 10 Seconds 
Surge Isolation Voltage (Input to Output). 
25 OOV (peak) 1 700V (RM S) 
Steady-State Isolation Voltage (Input to Output) 
1 S00V (peak) 1060V.ems) 


PHOTO-TRANSISTOR 


Power Dissipation milliwatts 
VcEO volts 
VcBo volts 
VEBO volts 
Collector Current (Continuous) 100 i milliamps 


**Derate 2.0mW/°C above 25°C ambient. 


PHOTO-DARLINGTON 


Breakdown Voltage = V(BR)CEO 
(Ic = 10mA, Ip = 0) 

Breakdown Voltage — V(grycBo 
Ue =. 100uA, Ip = O) 

Breakdown Voltage — V(pr)EBO 
(63 = 100uA, Ip = O) 

Collector Dark Current — Ic¢go 
(Veg = 12V, Rgeze =7.5MQ, 

Ta = 50°C) 

Capacitance 

Collector-Emitter — Cog 

(VcE = 10V,f =] MHz) 


Forward Voltage 
(Ip = 0.5mA) 


Reverse Current 


(Vp =3V) 


amps 


Capacitance 


pico- 
(V = O,f = 1 MHz) 


farads 


coupled electrical characteristics (25°C) 


DC Current Transfer Ratio (Ip = 0.5mA, Vor = 6V, Rpg = 7-5MQ) -25°C 7 +50°C 
Saturation Voltage — Collector-Emitter (Ip = 5mA, Ic = 2mA, Rpg = 7.5 M82) 
Isolation Resistance (Input to Output Voltage = 500Vpc) 

Input to Output Capacitance (Input to Output Voltage = O,f = 1 MHz) 

Switching Speeds: (Ip = SmA, See Figure 1) tp, 
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Togo -NORMALIZED OUTPUT CURRENT 


Tegg — NORMALIZED DARK CURRENT 


TYPICAL CHARACTERISTICS 


NORMALIZED TO: 
Vee" SV 
Ip °1.0MA 
ae 


-55 -15 25 65 too 


Ta- AMBIENT TEMPERATURE“C 


OUTPUT CURRENT VS TEMPERATURE 


o 


Icgo~NORMALIZED OUTPUT CURRENT 


Aa 


Vce — COLLECTOR TO EMITTER VOLTAGE -VOLTS 


OUTPUT CHARACTERISTICS 


=) +25 +45 +65 +85 +100 
ry (AMBIENT TEMPERATURE) C* 
NORMALIZED 


DARK CURRENT VS TEMPERATURE 


Photon Coupled Isolator H11C1-H11C2-H11C3 


Ga As Infrared Emitting Diode & Light Activated SCR 


The General Electric HI1CI, H11C2 and H11C3 are gallium 
arsenide, infrared emitting diodes coupled with light activated sil- 
icon controlled rectifiers in a dual in-line package. 


absolute maximum ratings: (25°C) 


(NFRARED EMITTING DIODE 


Power Dissipation *100 

Forward Current (Continuous) 60 

Forward Current (Peak) 3 
(Pulse width 1 psec 300 P Ps) 

Reverse Voltage 6 


PHOTO-SCR 


*Derate 1.33 mW/°C above-25°C ambient. 


milliwatts 


milliamps 
ampere 


volts 


Mt. 

tr | ¢ 
Ld 
ee 
F taba site ee 


TOTAL DEVICE 


T INCH MILLIMETER 1 

symeot | MIN. | maAx.| MIN, | MAX, | NOTE 

A 330] .35018.38 18.89 

8 300 REF|762 . REF) 2 

¢ 40 8.64 3 

D 01 6) 020] 406) 508 

€ 200 8 4 

F 040] o70]1.01 |1.78 

G oso]... :al228 {2.79 

rm 08 2.16 5 

J 00a] 012) .203| 305 

K 100 4 3 

M 15° 18 

Nn }.018 381 3 

P ais 9.53 

R |.L00} 185/254 | 470 

s_|.225 peole7i |7te 

€S 


T 

1. There shall be a permanent indication of term - 
inal orientation in the quadrant adjacent to 
terminal | 

2. Instaited position lead centers 

3. Overall installed dimensior 

4 Thats teats ements are mode fenm the seat~ 


19 pl 
5. Four Nace: 


Peak Forward Voltage 200 


RMS Forward Current 300 

Forward Current (Peak) 10 
(100usec 1% duty cycle) 

Surge Current (10m sec) 5 

Reverse Gate Voltage 6 


Power Dissipation (25°C Ambient) 
Power Dissipation (25°C Case) 


** 400 
***1000 


**Derate 5.3mW/°C above 25°C ambient. 


***Derate 13.3mW/°C above 25°C case. 


volts 
milliamps 
amperes 


amperes 
volts 

milliwatts 
milliwatts 


Storage Temperature -55 to 150°C 
Operating Temperature -55 to 100°C 


Lead Soldering Time (at 260°C) 10 seconds 
Surge Isolation Voltage (Input to Output). 


H11C] 
H11C2 
H11C3 


2500V (peak) 
2100V (peak) 
1500V (peak) 


1480V ems) 
1060V Rms) 


Steady-State Isolation Voltage (Input to Output). 


H11C1 
H11C2 
H11C3 


1500V (peak) 
1260V peak) 
950V (peak) 


PHOTO-SCR 


Forward Voltage 
(If = 10mA) 


Reverse Current Tp 
(Vr =3V) 


Capacitance 
(V = O,f = 1MHz) 


coupled electrical characteristics (25°C) 


Input Current to Trigger (Vax = 


picofarads 


SOV, Rox = 10KQ) 


Input Current to Trigger (Vax = 100V, Rox = 27KQ) 


Isolation Resistance (Input to Output Voltage = 500Vpc) 
Input to Output Capacitance (Input to Output Voltage = O,f = 1MHz) 


Coupled dV/dt, Input to Output (See Figure 13) 
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Peak Off-State Voltage - Vpm 
(Rgx = 10KQ, 100°C) 
Peak Reverse Voltage — Vem 
(Rex = 10KQ, 100°C) 
On-State Voltage — Vm 
(Im = .3 amp) 
Off-State Current — Ipm 
(Vpm ad 200V, Ta = 100°C) 
Reverse Current — Inu 
(Vem = 200V, Ta = 100°C) 
Capacitance (Anode-Gate) 
V=O0V,f=1MHz(Gate-Cathode) 


H11C1, C2 
Hi1C3 
H11Ci, C2 
H11C3 


1060VrMs) 
890ViRMs) 
660VRMs) 


volts 
microamps 


microamps 


milliamps 
milliamps 
milliamps 
milliamps 
gigaohms 

picofarads 
volts/psec 


i] 
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H11C1, H11C2, H11C3 TYPICAL APPLICATIONS 


10A, T2L. COMPATABLE, SOLID STATE RELAY 


Use of the H11C1 for high sensitivity, 2500 v 
isolation capability, provides this highly reliable 
solid state relay design. This design is compatable 
with 74, 74S and 74H series T2L logic systems 
inputs and 120VAC loads up to 10 A. DuEOOk() 


O.lAF “CONTACT” 
IZO0VAC 
SCI46B 347-1. . 


INDICATOR 
LAMP 


25W LOGIC INDICATOR LAMP DRIVER 


The high surge capability and non-reactive input characteristics 
of the H11C allow it to directly couple, without buffers, T2L 
and DTL logic to indicator and alarm devices, without danger 
of introducing noise and logic glitches. 


200V SYMMETRICAL TRANSISTOR COUPLER 


Use of the high voltage PNP portion of the H11C provides a 200V 
transistor capable of conducting positive and negative signals with current INPUT 
transfer ratios of over 1%. This function is useful in remote instrumentation, 
high voltage power supplys and test equipment. Care should be taken not to 
exceed the H11C 400 mW power dissipation rating when used at high voltages. 
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FIGURE 13 
COUPLED dV/dt — TEST CIRCUIT 
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Photon Coupled Isolator H11C4 - H11C5 —-H11C6 


Ga As Infrared Emitting Diode & Light Activated SCR 


The General Electric H11C4, H11C5 and H11C6 are gallium 
arsenide, infrared emitting diodes coupled with light activated 
silicon controlled rectifiers in a dual in-line package. 


absolute maximum ratings: (25°C) 
INFRARED EMITTING DIODE 


Power Dissipation *100 milliwatts 
Forward Current (Continuous) 60 milliamps 
Forward Current (Peak) 3 ampere 


(Pulse width 1usec 300 P Ps) 
Reverse Voltage 


*Derate 1.33mW/°C above 25°C ambient. 


volts 


PHOTO — SCR 


Peak Forward Voltage 

RMS Forward Current 

Forward Current (Peak) 
(100usec 1% duty cycle) 


volts 
milliamps 
amperes 


Surge Current (10m sec) 

Reverse Gate Voltage 

Power Dissipation (25°C Ambient) 
Power Dissipation (25°C Case) 


**Derate 5.3mW/°C above 25°C ambient. 
***Derate 13.3mW/°C above 25°C case. 


amperes 
volts 
milliwatts 
milliwatts 


** 400 
***1000 


a SEE INCH MILLIMETER 
NOTE1 [syMBOL | MIN, | MAX.| MIN. | MAX. | NOTES| 
ates 2) A | 330, 3506.38 laeo 
8 REFI7Z62 , REF] 2 
A 1 c 40 6.64 3 
TH D O20) .406| 508 
c s E 200 9 4 
| | F O7O 1.01 [1.78 
: G 110j2.28 42.79 
| \ H 08 ' 5 
rate. er : J 612) 203 305 
J 8 K 54 3 
M St 1 
Cee -+ H fe Slice N : 361 3 
r a La P 375 9.53 
( 6 E tars ru R i 165/254 | 470 
\ \ gow 2 s__| 225} ‘20|s.71 [7.12 
H ==] NOTES 
2 5: PLANE’ N 1, There shail be a permanent indication of term - 
1 pat Saas inal orientation in the quadrant adjacent to 
' ~\6 fp terminal | . 
3 4 fro 2. Instatled position lead centers. 
[ee | 3. Overall installed dimension, 


4. These measurements are made tram the seat 
ing plone. 
5. Four places 


TOTAL DEVICE 


Storage Temperature -55 to 150°C 

Operating Temperature -55 to 100°C 

Lead Soldering Time (at 260°C) 10 seconds 

Surge Isolation Voltage (Input to Output). 
H11C4 2500V (peak) 1770V Rms) 
H11C5 2100V (peak) 1480VRMs) 
H11C6 1500V (peak) 1060V (as) 

Steady-State Isolation Voltage (Input to Output). 
H11C4 1500V (peak) 1060V Rms) 
H11C5 1260V (peak) & 90V RMS) 


9 50V (peak) 


H11C6 660V(RMs) 


individual electrical characteristics (25°C) 


INFRARED EMITTING DIODE 


Forward Voltage VE 1.2 1.5 
— 10 
50 _ 


(Ip = 10mA) 
coupled electrical characteristics (25°C) 


PHOTO — SCR 


Peak Off-State Voltage — Vpm 
(Rex = 10KQ, 100°C) 

Peak Reverse Voltage - Vam 
(Rox = 10KQ, 100°C) 

On-State Voltage — Vm 
(lym = .3 amp) 


volts 


Reverse Current Ip volts 


(Vr = 3V) 


microamps 


Off-State Current — Ip 

(Vpm = 400V, Ta = 100°C) 
Reverse Current — Ipm 

(Vem = 400V, Ta = 100°C) 
Capacitance (Anode-Gate) 
V=OV,f= 1MHz (Gate-Cathode) 


microamps 
microamps 


Capacitance Cy 
(V = O,f = 1MHz) 


picofarads 
picofarads 


picofarads 


Input Current to Trigger (Vax = SOV, Rex = 10K&2) H11C4, CS milliamps 
H11C6 milliamps 
Input Current to Trigger (Vax = 100 V, Rex = 27K22) H11C4, C5 milliamps 
H11C6 milliamps 
Isolation Resistance (Input to Output Voltage = 500Vpc) gigaohms 


picofarads 
volts/ysec 


Input to Output Capacitance (Input to Output Voltage = O,f = 1MHz) 
Coupled dv/dt, Input to Output (See Figure 13) 1303 


H11C4, H11C5, H11C6 
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TYPICAL CHARACTERISTICS OF OUTPUT (SCR) H11C4, H11C5, H11C6 
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FIGURE 11. dv/dt VS. TEMPERATURE CHARACTERISTICS 


TYPICAL APPLICATIONS 


10A, T? L COMPATIBLE, SOLID STATE RELAY 


Use of the H11C4 for high sensitivity, 2500V iso- 
lation capability, provides this highly reliable solid 
state relay design. This design is compatible with 
74, 74S and 74H series T?L logic systems inputs 
and 220V AC loads up to 10A. INSO60 (4) 


O.laF “CONTACT” 
220V AC 
SCI46D 3471 


INDICATOR 
25W LOGIC INDICATOR LAMP DRIVER CAME 


The high surge capability and non-reactive input characteristics 
of the H11C allow it to directly couple, without buffers, T? L 
and DTL logic to indicator and alarm devices, without danger 
of introducing noise and logic glitches. 


400V SYMMETRICAL TRANSISTOR COUPLER 


Use of the high voltage PNP portion of the H11C provides a 400V transistor 
capable of conducting positive and negative signals with current transfer 
ratios of over 1%. This function is useful in remote instrumentation, high 
voltage power supplies and test equipment. Care should be taken not to ex- 
ceed the H11C 400 mW power dissipation rating when used at high voltages. 


FIGURE 13 
COUPLED dv/dt — TEST CIRCUIT 


Vy = 800 Volts 

ty =.010 Seconds 

f = 25 Hertz 9+ 100 VAC 
TA = 25°C i00h 
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Photon Coupled Isolator H11D1-H11D4 


Ga As Infrared Emitting Diode & NPN Silicon High Voltage Photo-Transistor 
The General Electric H11D1-H11D4 are gallium arsenide, infrared 


emitting diodes coupled with silicon high voltage photo-transis- svmpou min max | MIN. Max | wores| 
. * . A 330] .350j8.38 lg.e9 
tors in a dual in-line package. B | 300 Rerizé2 | ner) 2 
dD | .016} 020] 406} Soa 
i A . 3° E 200] $.0 4 
absolute maximum ratings: (25°C) F josal raion fie 
H 08 5 ' 5 
INFRARED EMITTING DIODE x | 00) 9. 7febe| OO 
A . a "We 5 38 3 
Power Dissipation milliwatts j on oa ote * ‘es te8 xo 370) 
Forward Current (Continuous) milliamps searing 4 Op §=| $_leee) eet. rie 
Forward Current (Peak) ampere oN 1, There shall be a permanent indication of term - 
: { ' nest aes in the quadrant adjacent to 
(Pulse width lysec 300 P Ps) 4 a a, 2. Instalied position fead centers. 
Reverse Voltage volts 4 Tews meosrement are de rm he se 
ing plone. 
*Derate 1.33mW/°C above 25°C ambient. 5. Four places. 


TOTAL DEVICE 


EHOTO TRANSISTOR Storage Temperature -55 to 150°C 
BIBT-DS | MMOS 24 Operating Temperature -55 to 100°C 
Power Dissipation **300 **300 milliwatts Lead Soldering Time (at 260°C) 10 seconds. 
VcEo 300 200 volts Surge Isolation Voltage (Input to Output). 
VcBo 300 200 volts H11D1 2500V (peak) 1770V (RM S) 
Veco a 7 volts H11D2, D3, D4 1500V (peak) 1060V (RM Ss) 
Collector Current 100 100 milliamps Steady-State Isolation Voltage (Input to Output). 
(Continuous) HDI 1500Vipeak)  1060Vams) 
**Derate 4.0mW/°C above 25°C ambient. H11D2, D3, D4 950V (peak) 660VRMs) 


individual electrical characteristics (25°C) 
INFRARED EMITTING DIODE 


Forward Voltage 
(lp = 1OmA) 


PHOTO-TRANSISTOR 


Breakdown Voltage — V(grycEo 
(Ic = ImA; Ip = 0) 

Breakdown Voltage = V(BR)CBO 
(Ic = 100A; Ip = 0) 

Breakdown Voltage — V(pr)yEBO 
(Ig = 100A; Ip = 0) 

Collector Dark Current — IcKo 
(Vc~=200V; 1p=0;Ta= 25°C) 
(VoE=200V; I-=0; Ta =100°C) 
(VcoR=100V; [p=0;T a= 25°C) 

(Vce=100V; 1p=0; T,=100°C) 


Reverse Current microamps 


(Vp = 6V) 


microamps 
nanoamps 
microamps 


Capacitance picofarads 
(V = O,f = 1MHz) 


coupled electrical characteristics (25°C) 


DC Current Transfer Ratio (Ip = 10mA, Veg = 10V) H11D1,D2,D3 


H11D4 


volts 
gigaohms 
picofarads 
microseconds 
microseconds 


Saturation Voltage — Collector to Emitter (Ip = 10mA, Ic = 0.5mA) 

Isolation Resistance (Input to Output Voltage = 500Vpc) 

Input to Output Capacitance (Input to Output Voltage = O,f =1MHz) 

Switching Speeds: Tum-On Time — (Vc = 10V, Ice = 2mA, Ry = 1002) 
Turn-Off Time — (Vex = 10V, Ice = 2mA, Ry, = 1002) 
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TYPICAL CHARACTERISTICS 
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Lo 15 
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3. INPUT CHARACTERISTICS 
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5. NORMALIZED DARK CURRENT 
VS. TEMPERATURE 
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—————— 
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IF=lOmA 
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| Ve 210 voLTs —}. 
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Ta +25°C 
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2. OUTPUT CURRENT VS. TEMPERATURE 
10 = . Te =50ma 
sities 
in Tine 
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' 
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a ORMALIZE 
Vee=10 vo 
Iptloma 
ot Lid Ui 


Ol ! fe) = Kozo) 1000 
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4. OUTPUT CHARACTERISTICS 
300 /- ] 
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If *lOmA 
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6. COLLECTOR BASE CURRENT 
VS. TEMPERATURE 


Photon Coupled Interrupter Module H13A1-H13A2 


The General Electric H13A1 and H13A2 are gallium arsenide in- 
frared emitting diodes coupled with a silicon photo-transistor in a 
plastic housing. The gap in the housing provides a means of inter- 
rupting the signal with tape, cards, shaft encoders, or other opaque 
material, switching the output transistor from an “ON” into an 


“OFF” state. [wens —[ wnusimerens_| 
FEATURES: je | ef | 
085 


® Low cost, plastic module 
Non-contact switching 

Fast switching speeds 

Solid state reliability 

I/O compatible with integrated circuits , 


NOTES: 
1, Four leads, Lead diameter controjled between 060" (1.27 MM) 
fram the seating plans and the end of the leeds, 


absolute maximum ratings: (25°C) (unless otherwise specified) - Th ring ae within 908" (1.52 MM! uae 
Storage and Operating Temperature -55° to 85°C. Lead Soldering Time (at 260°C) 10 seconds. 


N 


INFRARED EMITTING DIODE PHOTO-TRANSISTOR 
Power Dissipation : *100 milliwatts Power Dissipation milliwatts 
Forward Current (Continuous) 60 milliamps Collector Current (Continuous) milliamps 
Forward Current 1 VceEo volts 
(peak, 100us, 1% duty cycle) Veco volts 
Reverse Voltage volts 
*Derate 1.67mW/C above 25°C ambient **Derate 2.5mW/‘C above 25°C ambient 


individual electrical characteristics (25°C) 


INFRARED EMITTING DIODE | rye. | max. | unirs| 


Forward Voltage 1.2 1.7 volts 
(Uf = 10 mA) 

Reverse Current -~ 10 amps 
(VR = 2V) 

Capacitance 150 = pf 
(v= O, f = 1MHz) 


coupled electrical characteristics (25°C) 


PHOTO-TRANSISTOR 


Breakdown Voltage 
ViBrR)ceo Uc = 10 mA) 

Breakdown Voltage 
Visrjeco (le = 100uA) 


Collector Dark Current 
Iceo (Vce = 10V,1¢ =O, H=O) 


Output Current (If = 20 mA, Vcg = 10V) 


Saturation Voltage (Ie = 20mA, I¢ = 25MA) 

Switching Speeds (Vcg = 10V, Ic = 2 mA, Ry = 1009) 
On Time (ty + t,) 
Off Time (t, + te) 


1309 


H13A1-H13A2 


Tceg- NORMALIZED OUTPUT CURRENT 


<4 


Iggo- NORMALIZED OUTPUT CURRENT 


ooo 
+ t4itt + +4 
Va 
ite) A 
it 7 
+ ry + —+ + 
| 
| | | 
1.0 tt oe = et 


= 
4 


2 


++ 


NORMALIZED To: 
Vee =10V 
i Ip = 20mA 


—— D.C. INPUT CURRENT 
~——-~- PULSE INPUT 

CURRENT (200 sec, 

1% DUTY CYCLE) 


0.01 


+4 


| 


= 


SSS 


10 100 
Tp — INPUT CURRENT -—mA 


1000 


OUTPUT CURRENT VS INPUT CURRENT 


NORMALIZED TO 


Vee = IOV 
Ta = #25°C 
Tr = 0 


TcEg- NORMALIZED DARK CURRENT 
& 
aeek 


+25 +45 +65, 
Ty AMBIENT TEMPERATURE - °C 


+85 


NORMALIZED DARK CURRENT VS TEMPERATURE 


3 


Test00 ma 


NORMALIZED TO: 


° 
S 


0.t 
Veg — COLLECTOR TO EMITTER VOLTAGE-— VOLTS 


OUTPUT CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 
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Photon Coupled Interrupter Module H13B1-H13B2 & 


The General Electric H13B1 and H13Bz2 are gallium arsenide in- 

frared emitting diodes coupled with a silicon photo-darlington in | | | | 
a plastic housing. The gap in the housing provides a means of in- Zo 
terrupting the signal with tape, cards, shaft encoders, or other 
opaque material, switching the output transistor from an “ON” 
into an “OFF” state. 


FEATURES: : 


© Low cost, plastic module i 
NOTES: 


Non-contact switching 
. Four leads. Lead diameter contralled between .060"' (1.27 MM) 


Solid state reliability 

1/O compatible with integrated circuits 
absolute maximum rati ngs: (25 = C) (unless otherwise specified) ja Pg ee eae 
Storage and Operating Temperature -55° to 85°C. Lead Soldering Time (at 260°C) 10 seconds. 


x 


this centerline. 


INFRARED EMITTING DIODE 


Power Dissipation *100 milliwatts 


PHOTO-DARLINGTON 
Power Dissipation milliwatts 
Forward Current (Continuous) milliamps Collector Current (Continuous) milliamps 


Forward Current 
(peak, 100 ts, 1% duty cycle) 


Reverse Voltage 


Vceo volts 
Veco volts 


*Derate 1.67mW/°C above 25°C ambient **Derate 2.5mW/‘C above 25°C ambient 


Breakdown Voltage 25 - volts 
V(BR)CEO (Ic = 10 mA) 

Breakdown Voltage 7 - volts 
Vipr)eco (Me = 100UA) 

Collector Dark Current - 100 nA 
IcEo (Vce = 10V, Ip= oO, H= O) 


Forward Voltage 
(Ip = 10 mA) 


Reverse Current 
(Vr = 2V) 


Capacitance 
(V = O, f = 1MHz) 


coupled electrical characteristics (25°C) 


Output Current (Ip = 20 mA, Vce = 5V) 


Saturation Voltage (Ip = 20 mA, Ic = 0.5 mA) 


Switching Speeds (Veg = 10V, I¢ = 2 mA, Ry = 1008) 
On Time (tg + t,) 


Off Time (t, + tp) 


H13B1-H13B2 
TTT 


ICEO ~NORMALIZEO OUTPUT CURRENT 


IggQ- NORMALIZED OUTPUT CURRENT 
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0.01 


TYPICAL CHARACTERISTICS 
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OUTPUT CURRENT VS INPUT CURRENT 


Tggg ~ NORMALIZED DARK CURRENT 
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NORMALIZED DARK CURRENT VS TEMPERATURE 
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250 


Photon Coupled Isolator H15A1-H15A2 a 


Ga As Infrared Emitting Diodes & NPN Silicon Photo-Transistors on ne ae 

I = \ 
The General Electric HISAl and H15A2 are gallium arsenide, of) | : 
infrared emitting diodes coupled with silicon photo transistors in a 4 eh ak 
low cost plastic package with lead spacing, compatible to dual ee 
in-line package. iff 4 

; : a. i a . | MAX. | | MAX. | NOTES 

absolute maximum ratings: (25°C) \ 3 i 


375 | 


285 315 EZ) 8.00 


INFRARED EMITTING DIODE $2 090 | -110 2292.79 
é 250 [635 


Power Dissipation milliwatts 
Forward Current (Continuous) milliamps 
Forward Current (Peak) ampere 
(Pulse width 1 psec 300 P Ps) : 
Reverse Voltage 3 volts 
*Derate 1.67m/W°C above 25°C ambient. 


7.62 I 
PLANE -020 .26 50 
+105 | 2.16 | 2.66 
|. FOUR LEADS. LEAD DIAMETER CONTROL- 
LEO BETWEEN .050" (1.27MM) FROM THE 


SEATING PLANE AND THE ENO OF THE 
LEADS. 


TOTAL DEVICE 


Storage Temperature -55 to 85°C 

Operating Temperature -55 to 85°C 

Power Dissipation milliwatts Lead Soldering Time (at 260°C) 10 seconds 

Vcro volts Surge Isolation Voltage (Input to Output). 

Veco volts 5650V (peak) 4000V ros) 

Collector Current (Continuous) milliamps Steady-State Isolation Voltage (Input to Output). 
**Derate 2.5m/W°C above 25°C ambient. 3500V (peak) 2500V Rms) 


nanoamps 


volts 
gigaohms 
picofarads 
microseconds 
microseconds 


PHOTO-TRANSISTOR 


Forward Voltage Breakdown Voltage — V(pr)cEo 
(Ip = 10mA) (Ic = 10mA, Ip > O) 
Breakdown Voltage — V(gryEco 
Reverse Current microamps (Ig = 100A, Ip = O) 
(Vr = 3V) Collector Dark Current —Icgo 
(VcE = 10V, Ip = O) 
Capacitance picofarads Capacitance 
(V = O,f = 1MHz) (Vcr = 10V, f = 1MHz) 


coupled electrical characteristics (25°C) 


DC Current Transfer Ratio (Ip = 10mA, Vcr = 10V) 


Saturation Voltage — Collector to Emitter (I; = 10mA, Ic = 0.5mA) 
Isolation Resistance (Input to Output Voltage = SOOVpc) 

Input to Output Capacitance (Input to Output Voltage = O,f = 1MHz) 
Switching Speeds: | Turn-On Time — (Vcg = 10V, Ice = 2mA, Ry = 1009) 
Turn-Off Time — (Vcg = 10V, Ick = 2mA, Ry = 1002) 
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H15A1-H15A2 


5. 


Tego NORMALIZED OUTPUT CURRENT 


1. OUTPUT CURRENT VS. INPUT CURRENT 
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TYPICAL CHARACTERISTICS 
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Ips lOmA— 


INORMALIZED TO 


Iceq- NORMALIZED OUTPUT CURRENT 


IF lomA 
{._____Ta +28°c | t | 
iL 1 L J 
-85°C - 18°C +1o0rc 


+ 25°C +65°C 
Ty - AMBIENT TEMPERATURE - °C 


2. OUTPUT CURRENT VS. TEMPERATURE 
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4. OUTPUT CHARACTERISTICS 


Togq “NORMALIZED OUTPUT CURRENT 


001 |-_— | = 10 = mm) 
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3. INPUT CHARACTERISTICS | | 
ie r 4 
FA 
to § t- aa 
9 z 7 a 
re 
: gio NORMALIZED TO 
eT i Her 
36 g tp = 0 
Bs 3 acme 
i 4 >, t 3 et = 7 4 
Es | 4 
je r 7 
L | 
On | | lle TOOK — oe 4 1 : 


5. FREQUENCY VS. DETECTOR OUTPUT 


FREQUENCY (HZ) 


25 +45 +65 
Tag - AMBIENT TEMPERATURE ~ °C 


6. NORMALIZED DARK CURRENT 
VS. TEMPERATURE 
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Photon Coupled Isolator H15B1-H15B2 
Ga As Infrared Emitting Diode & NPN Silicon Photo-Darlington Amplifier 


i 
The General Electric H15Bi and H15B2 are gallium arsenide, 
infrared emitting diodes coupled with silicon photo-darlington \ 
amplifiers in a low cost plastic package with lead spacing, com- 2 
patible to dual in-line package. 


= 
P : $ z 
absolute maximum ratings: (25°C) ALE of 
INFRARED EMITTING DIODE = [9.52 | 
a5 |.315 | 7.24 ps2 | __ 
Power Dissipation milliwatts - Mo 12-28 
Forward Current (Continuous) milliamps eae L [300 [ aa =a 
Forward Current (Peak) ampere L $1 .068 [105 [2.16 
(Pulse width 1 usec 300 P Ps) te TT pou LEADS: LEAD DIAMETER CONTROL 
Reverse Voltage 3 volts : 2s ee 


*Derate 1.67mW/°C above 25°C ambient. LEADS. 


TOTAL DEVICE 


Storage Temperature -55 to 85°C 

Operating Temperature -55 to 85°C 

Lead Soldering Time (at 260°C) 10 seconds 

Surge Isolation Voltage (Input to Output). 
5650V (peak) 4000VRMs) 

Steady-State Isolation Voltage (Input to Output). 
3500V (peak) 2500VRMs) 


PHOTO-DARLINGTON 


Power Dissipation milliwatts 
VcEoO volts 
VoBo volts 
Veco volts 


Collector Current (Continuous) 100 milliamps 
**Derate 2.5mW/°C above 25°C ambient. 


UNITS 


PHOTO-DARLINGTON 


Breakdown Voltage — ViprycEo 
(Ic = 10mA, Ip = O) 

Breakdown Voltage — Vgr)Eco 
(Ip = 100A, Ip = O) 

Collector Dark Current —Icgo 
(Vcr = 10V, Ip = O) 

Capacitance 

(Vox = 10V, f = 1MHz) 


Fan] 7. [wax 


Forward Voltage 
(Up a 10mA) 


Reverse Current microamps 
(Vp = 3V) 


Capacitance picofarads 
(V = O,f = 1MHz) 


coupled electrical characteristics (25°C) 


DC Current Transfer Ratio (Ip = 5mA, Vcg = 5V) 


Saturation Voltage — Collector to Emitter (Ip = 5mA, Ic = 2mA) 


Isolation Resistance (Input to Output Voltage = 500Vpc) 

Input to Output Capacitance (Input to Output Voltage = O,f = 1MHz) 

Switching Speeds: | Turn-On Time — (Vcr = 10V, Ic = 10mA, Ry = microseconds 
Tum-Off Time — (Vcr = 10V, Ic = microseconds 


H15B1-H15B2 


TYPICAL CHARACTERISTICS 
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100 
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5. SWITCHING SPEED VS. OUTPUT CURRENT 6. NORMALIZED DARK CURRENT 


VS. TEMPERATURE 
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Matched Emitter - Detector Pair H 17A1 ee 


The General Electric H17A1 is a matched emitter-detector pair 
which consists of a gallium arsenide, infrared emitting diode in a 
clear epoxy TO-92 type package and a silicon photo-transistor 
ite el! 


also in a clear epoxy TO-92 type package. 


Each emitter and detector is marked with a color coded dot on 


the top of the unit (see package illustration). Emitter and de- mae pia 
tector must be paired as follows: ae 
i) { 
ry | i) 1 
e Emitter — Detector em une fa ee Ue 
o—! —o] 
e BLACK matched to — BLUE it : 
e¢ ORANGE matched to — RED svweo.| MIN“ sax. | MING | Man | NOTES 
e WHITE matched to — VIOLET A 170 | .210 |4.31 15.34 
ob | 016 | 021 | \406] (534| 1 
b2 |.016 | O19 | 406] 483) 1 
#o |teo | 130 [406 | 4:83 
1 . 5 
: NOTES: £ j.25 | 155 1317 | 3.94 
FEATURES: 1. (TWO LEADS) ¢b2 APPLIES BETWEEN Ly AND La. e |.095 | 105 | 241 |2.67 3 
b APPLIES BETWEEN Lo AND .5" (12.70MM) FROM ey |.045 | 055 | ria |i 3 
e Low Cost EATING PLANE, DIAMETER IS UNCONTROLLEDINL | J ‘135 | [170 | 342 | 4/32 
p : AND BEYOND. .5"(12.70MM) FROM SEATING PLANE.| L | .500 12.70 1 
¢ Side Looking 2, THE CENTER LINE OF THE ACTIVE ELEMENT IS Eh lag eset east, (ae i 
e J/O Compatible with Integrated Circuits focares WITHIN 2020 a ¢ |“ 095 rer | 229ReR | 2 
3.AS MEASURED WITHIN 050" (1.27MM) OF THE Sr oao: litide cite ns sey 
SEATING PLANE . s | .090 REF, | 2.29 REF. 
eee [cnt eaaiaoel RR eerie en 


absolute maximum ratings: (25°C) (unless otherwise specified) 
Storage and Operating Temperature -55°C to 100°C. Lead Soldering Time (at 260°C) 10 Seconds. 


INFRARED EMITTING DIODE 


Power Dissipation *100 milliwatts Power Dissipation **150 milliwatts 
Forward Current (Continuous) 60 milliamps Collector Current (Continuous) 100 milliamps 
Forward Current (Peak) 1 ampere VcEo 30 volts 


(100 ps, 1% Duty Cycle) 
Reverse Voltage 3 volts 
*Derate 1.3mW/°C above 25°C ambient. 


Veco 5 volts 


**Derate 2.0mW/°C above 25°C ambient. 


Breakdown Voltage — Vigr)cEo 
(ce = 1mA) 

Breakdown Voltage — V(BR)ECO 
der = 100 uA) 

Collector Dark Current —Icro 
(Vcg = 10V, Ip = O,H ® O) 


Forward Voltage 

(Ip = 10mA) 
Reverse Current 

(Vp = 2V) 
Capacitance 

(V = O,f = 1MHz) 


coupled electrical characteristics (25°C) 
Note: Coupled electrical characteristics are measured at a separation distance of .125” 
with the faces of the emitter and detector parallel within 3°. 


Output Current (Ip = 20mA, Vcr = 10V) 
Saturation Voltage (Ip = 20mA, Ic = 25uA) 


Switching Speeds: Turn-On Time (tg +t,) (Vog = 10V, Ic = 2mA, Ry = 10082) 
Turn-Off Time (t,+ te) (Vog = 10V, Ic = 2mA, Ry = 10022) 
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I¢gg- NORMALIZED OUTPUT CURRENT 


TYPICAL CHARACTERISTICS 
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Matched Emitter — Detector Pair H17B1 BATTER oeTECTon 


The General Electric H17B1 is a matched emitter-detector pair 
which consists of a gallium arsenide, infrared emitting diode in a 
clear epoxy TO-92 type package and a silicon photo- darlington 
also in a clear epoxy TO-92 type package. 


Each emitter and detector is marked with a color coded dot on 
the top of the unit (see package illustration). Emitter and de- 
tector must be paired as follows: 


e Emitter ~ Detector )R PELLET LOCATION jl 
e BLACK matched — BROWN $ = iar \ Bb - 
¢ ORANGE matched to — YELLOW al t SYMBOL|_MIN 
° WHITE matched to — GREEN ube 2 gb [ks a |: 
' : 
bel bey” Dey | 
Bs! #01 
FEATURES: yrwo LEADS) bz APPLIES BETWEEN Ly AND Lo. é 
se Aric eae eae Bam ET, | 3 
SEATING PL, 
© Low Cost AND BEYOND. .5"(12.70MM) FROM SEATING PLANE. L 
; : 2. THE CENTER LINE OF THE ACTIVE ELEMENT !S ui 
¢ Side Looking LOCATED WITHIN 020"(.51MM) OF THE POSITION | L2 | .250 
e I/O Compatible with Integrated Circuits 3S Measunen WiTHIN-080" (27 MM OR-THE R |.085 | oe ae 
ATIN 
; 590 REF. | “9 '29 REF, 
[sel ome a oT ieee —_ 


absolute maximum ratings: (25°C) (unless otherwise specified) 
Storage and Operating Temperature -55°C to 100°C. Lead Soldering Time (at 260°C) 10 Seconds. 


INFRARED EMITTING DIODE PHOTO-TRANSISTOR 


Power Dissipation milliwatts Power Dissipation milliwatts 
Forward Current (Continuous) milliamps Collector Current (Continuous) milliamps 
Forward Current (Peak) ampere Vero volts 
(100 us, 1% Duty Cycle) Veco volts 
Reverse Voltage volts 
*Derate 1.33mW/°C above 25°C ambient. **Derate 2.0mW/°C above 25°C ambient. 


MAX. PHOTO-DARLINGTON 


Forward Voltage ‘ 1.7 volts Breakdown Voltage — V(pr)cEo 
(lg = 10mA) (Ic = 1mA) 

Reverse Current 10 amps Breakdown Voltage — V(gryEco 
(VR = 2V) (lg = 100nA) 

Capacitance pf Collector Dark Current — Icgo 
(V = O,f = 1MHz) (Veg = 10V, Ip = O,H * O) 


coupled electrical characteristics (25°C) 
Note: Coupled electrical characteristics are measured at a separation distance of .125” 
with the faces of the emitter and detector parallel within 3°. 


Output Current (lp = 20mA, Vcg = SV) 


Saturation Voltage (Ip = 20mA, Ic = 0.5mA) 
Switching Speeds: Turn-On Time (ta+t,) (Vcr = 10V, Ic = 2mA, Ry = 1000) 
Turn-Off Time (ts + tz) (Vcr = 10V, Ic = 2mA, Ry = 10022) 
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TYPICAL CHARACTERISTICS 
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Matched Emitter — Detector Pair HIQAI ‘ae 
ce 


SECTION X-X 
LEAD PROFILE 


INCHES 
ses MIN. | MAX. 


The Generali Electric H19A1 is a matched emitter-detector pair 
which consists of a gallium arsenide, infrared emitting diode ina 
clear epoxy TO-92 type package and a silicon photo-transistor 
also in a clear epoxy TO-92 type package. $0 


MILLIMETERS 


Each emitter and detector is marked with a color coded dot on ,- 
the top of the unit (see package illustration). Emitter and de-; 
tector must be paired as follows: 


e Emitter — Detector 

e BLACK matched to — BLUE 

e¢ ORANGE matched to — RED 

e WHITE matched to — VIOLET A 
FEATURES: 

© Low Cost 


NOTES: 

{. CENTER LINE OF ACTIVE ELEMENT LOCATED 
WITHIN £,020%.50mm) OF CENTER POINT 
OF UNIT, 

_ TWO LEADS. LEAD DIAMETER UNCONTROLLED 
IN Lt. 

. AS MEASURED WITHIN .050"(L27mm) OF 
THE BODY OF UNIT. 


e Side Looking 
e¢ I/O Compatible with Integrated Circuits 


ind 


a 


absolute maximum ratings: (25°C) (unless otherwise specified) 
Storage and Operating Temperature -55°C to 100°C. Lead soldering Time (at 260°C) 10 Seconds. 


INFRARED EMITTING DIODE PHOTO-TRANSISTOR 


Power Dissipation milliwatts Power Dissipation milliwatts | 
Forward Current (Continuous) milliamps Collector Current (Continuous) milliamps 
Forward Current (Peak) ampere VcEo volts 
(100 ps, 1% Duty Cycle) Veco volts 
Reverse Voltage 3 volts 
*Derate 1.3mW/°C above 25°C ambient. **Derate 2.0mW/°C above 25°C ambient. 


PHOTO-TRANSISTOR - | MAX. | UNITS | 


Forward Voltage 1.2] 1.7 Breakdown Voltage — Viprycro — | 
(Ip = 10mA) (Ic = 1mA) 

Reverse Current Breakdown Voltage — V(gryEeco — volts 
(Va = 2V) (Iz = 100 uA) 

Capacitance Collector Dark Current —Icgo 
(V = O,f = 1 MHz) (Vcr = 10V, Ip = O,H © O) 


coupled electrical characteristics (25°C) 
Note: Coupled electrical characteristics are measured at a separation distance of .125” (3.17 mm) 
with the faces of the emitter and detector parallel within 3°. 


Output Current (Ip = 20mA, Vcr = 10V) 
Saturation Voltage (Ip = 20mA, Ic = 25 uA) 

Switching Speeds: Turn-On Time (ta +t) (Vcr = 10V, Ic = 2mA, Ry = 10082) 
Turn-Off Time (ts + te) (Veg = 10V, Ic = 2mA, Ry = 1002) 
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Ico -NORMALIZED OUTPUT CURRENT 


TYPICAL CHARACTERISTICS 
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1. OUTPUT CURRENT VS. INPUT CURRENT 


Tcgo- NORMALIZED OUTPUT CURRENT 
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Ta -AMBIENT TEMPERATURE —°C 


2. OUTPUT CURRENT VS. TEMPERATURE 


— 


Icgq- NORMALIZED OUTPUT CURRENT 


ull itt 


NORMALIZED TO: ~~~ 
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Vee =I0V 
d=0.128"(3.17mm) 
——_}|—— If=20mA 


1. 
0.5 0.75 10 INCHES 
12.7 AD 25.4 MILLIMETERS 


SEPARATION DISTANCE 
4. OUTPUT VS. DISTANCE DISTRIBUTION 
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Ol 


0.01 


Iggg - NORMALIZED OUTPUT CURRENT 


0.001 


os Vee 2 IOV 
Ip = 20mA 
on d= J25"(3.17mm) 
0.01 Con] | 1o 100 
Veg — COLLECTOR TO EMITTER VOLTAGE— VOLTS- 
3. OUTPUT CHARACTERISTICS 
1 = ee oe 


—. 


=f *ife 


NORMALIZED TO 


0*50% RESPONCE POINT 
dzt25"(3.17mm) | 


TOP SIDE —— 
VIEW VIEW 
REFERANCE LINE 
REPRESENTS THE 50% —— 
RESPONSE POINT 


-.050 
1.29 


-.025 0 


-63 -63 


+.025 


+050 


+.075 INCHE 
127 1.9 


MM 


DISTANCE RELATIVE TO THE 50% RESPONSE POINT 
5. OUTPUT CURRENT VS. SHIELD LOCATION 


~~ 55.98 3/76 


eh 
Matched Emitter — Detector Pair HI9BI es 


F F ; SECTION x- 
The General Electric H19B1 is a matched emitter-detector pair CEAD PROFILE 


which consists of a gallium arsenide, infrared emitting diode in a 
clear epoxy TO-92 type package and a silicon photo-darlington 
also in a clear epoxy TO-92 type package. 


$0 INCHES 


| sYMBOL| MIN. | MAX. 
A 170/210 


MILLIMETERS 


c 
Each emitter and detector is marked with a color coded dot ons 
the top of the unit (see package illustration). Emitter and de- 
tector must be paired as follows: 


e Emitter — Detector y 
e BLACK matched to — BROWN 
e ORANGE matched to — YELLOW A ; 
e WHITE matched to — GREEN foso Now] oo = hero = I] 
u 120| — 304 1 2 
FEATURES: uy 5 : 
. NOTES: 
e Low Cost L 1. CENTER LINE OF ACTIVE EO MONT eeciree 
j j t.020%. OF OINT 
© Side Looking wisn 020"(.50mm) OF CENTER P 
e I/O Compatible with Integrated Circuits t 2. TWO oe LEAD DIAMETER UNCONTROLLED 
, , 3. AS MEASURED WITHIN .050"(L27mm) OF THE 
absolute maximum ratings: (25°C) (unless otherwise specified) BODY OF UNIT. 


Storage and Operating Temperature -55°C to 100°C. Lead Soldering Time (at 260°C) 10 Seconds. 
INFRARED EMITTING DIODE PHOTO-TRANSISTOR 


Power Dissipation milliwatts 
Forward Current (Continuous) milliamps 
Forward Current (Peak) ampere 
(100 us, 1% Duty Cycle) 
Reverse Voltage 
*Derate 1.33mW/°C above 25°C ambient. 


Power Dissipation milliwatts 
Collector Current (Continuous) milliamps 


VcEo volts 
Veco volts 


Forward Voltage 
(lp = 10mA) 
Reverse Current 
(Vp = 2V) 
Capacitance 
(V = O,f = 1 MHz) 


Breakdown Voltage = V(BR)CEO 

(Ic = ImA) 

Breakdown Voltage — VigryEco 
(Ip = 100uA) 

Collector Dark Current -- Ic¢o 

(Veg = 10V, Ip = O,H © O) 


coupled electrical characteristics (25°C) 


Note: Coupled electrical characteristics are measured at a separation distance of .125 " (3.17 mm) 


with the faces of the emitter and detector parallel within 3°. 
Twin: | T¥P. | MAX. [UNITS | 


Output Current (Ip = 20mA, Vcr = 5V) 2000} — 

Saturation Voltage (Ip = 20mA, Ic = 0.5mA) - _ 

Switching Speeds: Turn-On Time (tg + tr) (Vcr = 10V, Ic = 2mA, Ry = 1002) - 150 
Turn-Off Time (t, + ts) (Vor = 10V, Ic = 2mA, Ry = 1000) - 150 
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I¢gq-NORMALIZED OUTPUT CURRENT 
2 


Tegg7 NORMALIZED OUTPUT CURRENT 


0.001 


5 


° 


TYPICAL CHARACTERISTICS 


Ol J VoeEz5V 
==: = Ip =20mA 
d =125°C (3.17? mm) 
c Fk — D.C. INPUT CURRENT 
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Ip- INPUT CURRENT -mA 
1. OUTPUT CURRENT VS. INPUT CURRENT 
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IcEQ — NORMALIZED OUTPUT CURRENT 


0.05 
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2. OUTPUT CURRENT VS. TEMPERATURE 
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IcEO -NORMALIZED OUTPUT CURRENT 


Ip 


=5mA 


NORMALIZED TO: 
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“git 10 


if) 
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as Sime 
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050% RESPONSE POINT 
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“he 


TOP SIDE 

VIEW VIEW 
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{ 
aa 


|__| 
: _s 
: ai | 
oa ean a 
-,050 -.025 ie} +025 +,.050 *.075 INCHES 
127 .63 .63 1.27 1.9MM 


DISTANCE RELATIVE TO THE 50% RESPONSE POINT 
4. OUTPUT CURRENT VS. SHIELD LOCATION 
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NORMALIZED TO: 


Veg =5V. 
d=0125" (3.17 mm) 


0.01 


Tce NORMALIZED OUTPUT CURRENT 


0.001 
ie] 
° 


5 0.5 0.75 tO INCHES 
12.7 19. 25.4 MILLIME 
SEPARATION DISTANCE 


5. OUTPUT VS. DISTANCE DISTRIBUTION 


Photon Coupled Isolator H74A1 


Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor 


TTL Interface 


The General Electric H74A1 provides logic to logic optical interfacing of TTL gates 
with guaranteed level compatibility in practical specified circuits. The H74A1 is a 
transistor output photo-coupled isolator specifically designed to eliminate ground 
loop cross talk and reflection problems when two distinct logic systems are coupled. 


It is guaranteed to couple 7400, 74HOO and 74S00 logic gates over the full TTL ‘ 
temperature and voltage ranges. } ie 
R CI 
absolute maximum ratings: (25°C) (unless otherwise specified) TH | 
oe A 
INFRARED EMITTING DIODE mln fe qe fe 
Power Dissipation T, =25°C *100 milliwatts sone; cay Aas] on. 
Power Dissipation Te = 25°C  *100 milliwatts T. to¢ oa sania Oa 
(Tc indicates collector lead temperature 1/32” from case) 2-4 rae + hal Be 
Forward Current (Continuous) 60 milliamps 304— +—os D 
Forward Current (Peak) 3 ampere pala 
(Pulse width 1ysec 300 pps) 
Reverse Voltage 6 volts moo. bani, ae 
Epa as 


*Derate 2.2mW/°C above 25°C. 


OyvzZZXCLTOnmMON 


NOTES 
|. There shall be a permanent indication of term - 


PHOTO-TRANSISTOR 
Power Dissipation Ta = 25°C **300 milliwatts inal oriantotion in the quodrant adjacent to 
Power Dissipation To = 25°C ***500 milliwatts 2 nnd positon tad cavers 

(Tc indicates collector lead temperature 1/32" from case) : masere are made term the sent- 
15 volts ea ria 
VcBo 15 volts 
Veco 5.5 volts 
Collector Current (Continuous) 50 _ milliamps 


VcEO 


**Derate 6.7mW/°C above 25°C. 
***Derate 11.1mW/°C above 25°C. 


TOTAL DEVICE 


Storage Temperature -55 to 150°C 
Operating Temperature 0 to 70°C 
Lead Soldering Time (at 260°C) 10 seconds 


Surge Isolation Voltage (Input to Output) 
1 500V (peak) 1 060V Rms) 

Steady-State Isolation Voltage (Input to Output) 
950V (peak) 660VRMs) 
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Electrical Characteristics of H74A1* 
*All specifications refer to the following bias configuration (Figure 1) over the full operating temperature (0°C to 70°C) and 
logic supply voltage range (4.5 to 5.5Vpc ) unless otherwise noted. 


Vv 
os 3905% 
HTAA_ O Voce 
RECEIVING 
~ GATE 
“ SEE TABLET 
TRANSMITTING PEs pean pee 
GATE 
SEE TABLE T 
nc 
Figure 1. H74A1 BIAS CIRCUIT 
Vin (0), Receiving Gate For Vouro) from Transmitting Gate-— 2.2... ee eee 0.8 V Max. 
Vin (1), Receiving Gate for Vout) from Transmitting Gate—... 0.0.0.2. eee 2.4 V Min. 
tp (0), Transmitting Gate to Receiving Gate Propagation Time — ....................... 20 usec. Typ. 
tp (1), Transmitting Gate to Receiving Gate Propagation Time — ....................04. 4 usec. Typ. 
Isolation Resistance (Input to Output = S0OVpc). 0... ee cece cece e eee e eee. 100 = gigaohms Min. 
Input to Output Capacitance (Input to Output Voltage = O, f = UE MEAZ i sana ite Wa ats chorea tetera Son 2.5 pF Max. 


TABLE I. 


CHARACTERISTICS REQUIRED OF TTL GATES WHICH ARE 
TO BE INTERFACED BY H74A1 


Vout (l) 14.5v 


ca 
[Your ®_[asv] 
5.5V 


Figure 2. 
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Ga As Infrared Emitting Diode & Light Activated SCR To ined] wc ETER 
— 339 Seouse B89. NOTES] 
5 7. REF, 2 
TTL Interface aoe cies 
fF 040) .070/1.01 1.768 
The General Electric H74C1 and H74C2 are gallium arsenide infrared emitting diodes H joe joes. aie | 5 
coupled with light activated silicon controlled rectifiers in a dual in-line package. They ml fess a 250° i : 
are specifically designed to operate from TTL logic inputs and allow control of 120 Pl srs) ° oss | 
or 240Vac power with 7400, 74HOO and 74S00 series logic gates. It can also control S| ibesl 2ealsri [rier 


voltage and temperature ranges using standard tolerance components. Sere 


2. Instalted position lead centers. 
3. Overall installed dimension. 


absolute maximum ratin gs: (25 °C ) (unless otherwise specified) " the Ee ee ee ee 


5. Four places. 


eas fe = ms NOTES 
u 40 . . = . There shall be a permanent indication of term - 
p to 400Vpc power circuits. They are guaranteed and specified to operate over TTL sey i, ere cele cea 
PLANE t i i i fi 


INFRARED EMITTING DIODE PHOTO — SCR 


Peak Forward Voltage 
H74C1 volts 
H74C2 volts 
RMS Forward Current milliamps 
Forward Current amperes 


Power Dissipation milliwatts 
Forward Current (Continuous) milliamps 


Forward Current ampere 
(Peak 100usec 1% duty cycle) 
Reverse Voltage volts 
(Peak, 100usec 1% duty cycle) 

Surge Current (10 msec) amperes 
Reverse Gate Voltage volts 
Power Dissipation (25°C Ambient) ** 400 milliwatts 
Power Dissipation (25°C Case) ***1000 milliwatts 


**Derate 5.3 mW/°C above 25°C ambient. 
***Derate 13.3 mW/°C above 25°C case. 


*Derate 1.33 mW/°C above 25°C ambient. 


electrical characteristics of H74C* 


*All specifications refer to the following bias configuration (Figure 1) over the full operating temperature (0°C to 70°C) and logic 
supply voltage range (4.5 to 5.5Vpc) unless otherwise noted. 


SCR Leakage, Logic Gate Vourqi), Both Directions ... 2... 66.2 ee ee eee eee es 50 HA Max. 

SCR Drop, Anode Positive, Logic Gate Vout), Imm = 250mMA..--- 6 ee ees 1.3 V Max. 
Coupled dv/dt to Trigger, Vpc to Vac (25°) 6. cece ete ete eens 500 V/usec. Min. 
Capacitance (Input to Output Voltage = O, f= 1MHz)... 1.2... ee eee eee eee eee 2 pF Max. 
Isolation Resistance (Input to Output Voltage = 500Vpc)....- eee ee eee 100 Gigaohms Min 
Turn-On Time of SCR; Vourq), Input to Output (25°C)... eee ee 200 usec. Max. 


LOGIC GATE 
SEE TABLE I 


Figure 1. H74C BIAS CIRCUIT Figure 2. 
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H74C1, H74C2_| absolute maximum ratings—total device 


SCR Current 
Operating Temperature Range 
Operating Voltage Range, Vpc 


Operating Voltage Range, 
Storage Temperature Range 
Lead Soldering Time (at 260°C) 
Surge Isolation Voltage 

(Input to Output) 


See Figure 4 
0°C tu 70°C 


-55°C to 150°C 
10 sec. Max. 


1500 V(peak) 1060V ams 


Steady-State Isolation Voltage 


(Input to Output ) 


950 V (peak) 660V pms 


TYPICAL CHARACTERISTICS OF OUTPUT 


dV/dt -CRITICAL RATE OF RISE APPLIED 


FORWARD VOLTAGE - VOLTS/: SEC. 


Ip- NORMALIZED FORWARD CURRENT, 


to) 


9 
a 


OFF STATE 


(SCR) 


56K 


+ 


+ 
! 
4 
i 
1 
1 


50 70 4 
Ty -AMBIENT TEMPERATURE-°C 


FIGURE 1. dv/dt VS. TEMPERATURE 


$0-——_ 1 
ral aie 

Va, *400V 
_ 


= 
5 TNORMALIZED TO 
Tt Vax *50V 
Ty "25°C 
| 
25 50 75 100 


Ty ~ AMBIENT TEMPERATURE~°C 


FIGURE 3. OFF-STATE FORWARD CURRENT VS. TEMPERATURE 


Ty: HOLDING CURRENT- MICROAMPERES 


500+ 


100 


50) 


Vax =50V : 
tol iL 1 ee t 
-40 -20 ce] 20 40 60 70 80 100 
Ty ~ AMBIENT TEMPERATURE-~°C 
FIGURE 5. HOLDING CURRENT VS. TEMPERATURE 
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4.5 to 5.5Vpce 
H74C1 50 to 200 Vpk PARAMETER yee 
H74C2 50 to 400 Vpk MIN. | MAX. 


our [asv] | 
[Your fav > _ | 


WATT 


TABLE 1. Characteristics required of TTL gate which is to be interfaced with H74 


Lae mae 
MIN. 


inet oi TE 2 
oe a 


F THE SCR ANODE LEAO 


=a (WLEAD TEMPERATURE MEASURED AT THE WIDEST PORTION 


We (ENT TEMPERATURE MEASURED AT A POINT 
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T | +. 1; 
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| | 4 
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FIGURE 4. ON-STATE CURRENT VS. 
MAXIMUM ALLOWABLE TEMPERATURE 
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CTION TEMPERATURE = 
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I+ -ON-STATE CURRENT — AMPERES 


| TEMPERATURE = 100°C 
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oo ; t = 
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FIGURE 6. ON-STATE CHARACTERISTICS 
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SCR L8.9 L811,L911 (Diamond Base*) 


The L8, L9 Light Activated SCR’s are basically Silicon Controlled Rectifiers with incident light taking the 
place of (or adding to) an electrical gate current. Thus it is a photo-operated device that is truly a switch. 
It features optional gate triggering inputs; i.e., from either an isolated light source or direct electrical 
supply. The former trigger technique offers a range of light trigger intensity with varying gate bias. The L8, 
L9 is expected to be particularly useful in such applications as: 


¢ Optical logic control e Sorting ¢ Explosion proff isolated switches ¢ Meter Relays S 

¢ Counting © Precision Indexing ¢ Static Relays 

oe i; - € (Q) This zone is ‘controtied for automatic han- 

in aeons é dling. The variation in. actual diameter : 

au eel aes * satin this zone: shall not exceed 1 : H S 
Dy Measured from max, diameter of the : 

DRAWING | ie ste xd danas sete .) 

m hts - 908 ‘ =. 081 ¢ : . 


il 


Bel 
i 


ot 
i 
i 


a 
d 
tf 


Hoi 
rE; 
i 


2 
# 


res 
HH 


CONFORMS TO IEDEC TO-S OUTLINE 


Working and Repetitive Peak 
Reverse Voltage, Vaou (wis) and 
Vaox ‘*?: Ty = —65°C to +100°C 


Non-Repetitive Peak Reverse 
Voltage, Vow coa-rep? (<< $ 
Millisec.) Ts = —65°C to 100°C: 


L8U, L9U 25 Volts. ‘ 25 Volts _ : 40 Volts a 


+When ordering the Diamond Base versions, be sure to include the proper voltage letter symbol. For example: The 
25 volt, Diamond Base version of the L8U is type number L811U. 


Peak Forward Blocking Voltag 


je, 
Vexx. Tz = —65°C to + 100°C 


Rox == 56,000 Ohms Maximum 


Peak Forward Voltage, PF V 300 Volts 
RMS Forward Current, On-state 1.6 Amperes 
Average Forward Current, On-state Depends on conduction 
angle (see charts 11, 12, 15, & 16) 
Peak One Cycle Surge Forward Current (Non-repetitive), Irn (surge)_——___15 Amperes 
I?t (for fusing) 0.5 Ampere? seconds 
(for times < 1.5 milliseconds) 
Peak Forward Gate Power Dissipation, Pex 0.1 Watt 
Average Forward Gate Power Dissipation, P;, (AV) 0.01 Watt 
Peak Gate Voltage, Forward & Reverse, Viru & Veru 6 Volts 
Storage Temperature, Txtg : —65°C to +150°C 
Operating Temperature —65°C to +100°C 
Peak Non-recurrent Surge Forward Current During Turn-on Time Interval 
(Current Rise Time <5 Microseconds) = 40 Amperes 


*The L811 and L911 series are identical to the L8 and L9 respectively except thot they ore soldered to a diamond base heat sink. See charts 14, 15, & 16 
for Transient Thermal Resistance and Current Curves, and Page 4 for Outline Drawings. 
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L8,9 L811, L911 


CHARACTERISTICS 


Forward Breakover Voltage 
L8U, L9U 


Rex = 56,000 Ohms 


L8F, LOF Sinusoidal Waveform, 60 CPS. 
L8A, L9A H. <0.02 MW/CM? for L9 types 
L8G, L9G H. <0.08 MW/CM? for L8 types 
L8B, L9B 


Vex = Rated Vexu, Rex = 56,000 Ohms 


swamperes 
T; = +25°C, H. <0.02 or 0.08 MW/CM? 
100 wamperes Vex= Rated Vrxu, Rex = 56,000 Ohms 

Ts = 100°C, H. <0.02 or 0.08 MW/CM? 

2.0 10 pxamperes Vax = Rated Vromrep, Rex = 56,000 Ohms 

T, = +25°C, H. <0.02 or 0.08 MW/CM? 

eed wamperes | Vax = Rated Vromrep, Rox = 56,000 Ohms 

ees 


Ts = +100°C, H. <0.02 or 0.08 MW/CM? 
Vex = 6 Vde, Rex = 56,000 Ohms, 
ial Baa 


Forward Blocking Current 


Reverse Blocking Current 


Gate Supply Trigger 
Current 


yamperes 


R. = 100 Ohms, T; = +25°C, H. = 0 


Vrx = 6 Vde, Rax = 56,000 Ohms, 
R. = 100 Ohms, T; = +100°C, H. = 0 


Vrx =6 Vde, Rex = 56,000 Ohms, 
Ri. = 100 Ohms, T; = —65°C, H. = 0 


Vrx = 6 Vdc, Rex = 56,000 Ohms, 
R:.= 100 Ohms, T; = —65°C, H. = 0 


Vex = Rated Vexu, Rex = 56,000 Ohms, 
Ri = 100 Ohms, T; = +100°C, H. = 0 


Volts T; = +25°C, Iru = 1 ampere 
Single half sine wave pulse, 
2.0 milliseconds wide. 


Ty = +25°C, Vex =5 Vde, He. = 0 
Rex = 56,000 Ohms 


Ts + +100°C, Vex =5 Vde, H. = 0 
Rex = 56,000 Ohms 


Ts = —65°C, Vex = 5 Vde, He = 0 
Rex = 56,000 Ohms 


Vrx = 6 Vdc, Ri. = 100 Ohms 
Rex = 56,000 Ohms. Light Source 
Perpendicular to Plane of Header. 


T;=+4+26°C 
T; = +100°C 


0. Ts = +100°C, Rex = 56,000 Ohms, 
0. Vrx = Rated Vrxu, Ri = 500 Ohms, 
Light Source Perpendicular to 
Plane of Header. 
Rate of Rise of Applied 


dv/dt Volts/usec | T; = +100°C, Rex = 56,000 Ohms 
Forward Voltage 


L8U, L9U 0.02 Vexu = 25 Volts 
L8F, L9F : 0.04 

L8A, L9A 2 0.07 

L8G, L9G 

L8B, L9B 0.12 


Vex = 50 Volts 
Vex = 100 Volts 
Delay Time | it. | —— fitotoo |—— | __usee | See Application Note 200.34 
Rise Time t. usec Ts = +25°C, Ir = 1.0 Ampere, 
Vrx = Rated Vexu 


Vexs = 150 Volts 
Vexu = 200 Volts 

Circuit-Commutated tore Ts = +100°C, Ivy = 1.0 Ampere, 

Turn-off Time Tx (recovery) = 1.0 Ampere, 

Reapplied Vrxu=Rated Vrxu, 
Rate of Rise of Reapplied. 

Vexu = 20 Volts Per usec, 

Rex = 100 Ohms, H. = 0 
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Gate Trigger Voltage Ver 0.3 Vde Vex = 6 Vde, Rex = 56,000 Ohms, 
Ri = 100 Ohms, T; = +25°C, H. =0 
Vde Vex = 6 Vdc, Rex = 56,000 Ohms, 
R. = 100 Ohms, T; = +100°C, H. = 0 
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INSTANTANEOUS FORWARD CURRENT-AMPERES 
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WSTANTANEOUS FORWARD VOLTAGE DROP-VOLTS 


1. MAXIMUM FORWARD CHARACTERISTICS, 
ON-STATE 


NOTES: (1) SHADE! 
LOCUS OF POSSIBLE TRIGGERING 
POINTS FROM -65°C TO +100°C 
(2) APPLIED ANODE VOLTAGE * 6 VOLTS D.C. 
{3} GATE TO CATHODE RESISTANCE *56,000 OHMS, 
{4) LIGHT SOURCE PERPENDICULAR TO PLANE 
OF HEADER 


t 


EFFECTIVE IRRADIANCE-MILLIWATTS PER SQ CM 


“60 -40 -20 0 20 40 60 60 100 
JUNCTION TEMPERATURE -°C 


3. L8 LIGHT TRIGGERING CHARACTERISTICS 


NOTES: (1) IRRADIATION FROM TUNGSTEN SOURCE 
(2) CURVE DEPICTS TYPICAL VARIATION OF TRIGGERING 
SENSITIVITY WITH ANGLE OF IRRADIATION 


, 
Le or 
FAS Zo 


5. TYPICAL ANGULAR RESPONSE 


INSTANTANEOUS GATE VOLTAGE-VOLTS 


L8,9 L811,L911 


SHADED AREA REPRESENTS THE LOCUS OF POSSIBLE TRIGGERING 
POINTS AT JUNCTION TEMPERATURES FROM -65°C TO 100°C. 


26 EFFECTIVE IRRADIANCE * ZERO 
2 rei {3) GATE TO CATHODE RESISTANCE » $6000 OHMS. 
APPLIED ANODE VOLTAGE » 6 VOLTS D.C. 


MIMIMUM GATE CURRENT REQUIRED 
TO TRIGGER ALL UNITS AT: 
Home te - 


65°C 
ee ; 
AINNNNN NN oi 
A 
A 
NSS ae Boe MUM eA ANY UNITS AT +100°C *0.05 VOLTS 
fe} 0.t 02 o3 0.4 05 O68 0.7 0.8 09 1.0 

INSTANTANEOUS GATE SUPPLY CURRENT-MILLIAMPERES 

2. ELECTRICAL GATE TRIGGERING CHARACTERISTICS 
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GATE VOLTAGE THAT WILL 
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NOTES: (1) SHADED AREA REPRESENTS THE LOCUS OF 
POSSIBLE TRIGGERING POINTS FROM -65°C 
TO 100°C. 


EFFECTIVE IRRADIANCE-MILLIWATTS PER SQ CM 


| |__| (3). GATE TO CATHODE RESISTANCE* 56,000 OHMS. 
5 (4) LIGHT SOURCE PERPENDICULAR TO PLANE 


JUNCTION TEMPERATURE -*C 


4. L9 LIGHT TRIGGERING CHARACTERISTICS 


T J “| 7 4 
i raene 
: CURVE DEPICTS RELATIVE RESPONSE 
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6. TYPICAL SPECTRAL RESPONSE 
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L8,9 L811,L911 


MIERAGE FORWARD POWER DISSIPATION-WATTS 


RATIO 


4 
FFECTIVE IRRADIANCE 
VOLTAGE TO THE 

VOLTS APPLIED 


7. 


NOTE: 


«0 eo eo 


100 20 


140 
INSTANTANEOUS APPLIED ANODE VOLTAGE-VOLTS 


WITH ANODE VOLTAGE 
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HOLOING CURRENT-MILLIAMPERES 
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160 180 200 


TYPICAL VARIATION OF LIGHT SENSITIVITY 


Seas eee ees 


WITH A SPECIFIC RESISTOR FROM 
GATE TO CATHODE TO THE 
EFFECTIVE IRRADIANCE TO 


pee WITH 56,000 OHMS 
FROM GATE TO CATHODE. 
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10000 20000 


8000 
GATE TO CATHODE RESISTANCE-OHMS 
8. TYPICAL VARIATION OF LIGHT SENSITIVITY 
WITH GATE TO CATHODE RESISTANCE 


~~] 
PR ae a ew 
oe ss 
| Ht MAXIMUM AT +25°C 
7 1 | 
| mae LJ MAXIMUM AT +i00°C 
: T_T NOTES: (1) ANODE SUPPLY VOLTAGE « 
5 Vdc MINIMUM. 
r (2) TEMPERATURES SHOWN ARE 
JUNCTION TEMPERATURES. 
[ 4. ai) — + 
a mt ho i A 
: INIM 65° 
ae ees T | 
Ce ae [| 
ee] NEE 


BASH 


MINIMUM AT + 100% 


JUNCTION TEMPERATURE © 


10. 


AVERAGE FORWARD CURRENT- AMPERES 
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9. VARIATION OF HOLDING CURRENT WITH GATE 
TO CATHODE RESISTANCE 
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FORWARD POWER DISSIPATION FOR HALF WAVE 
RECTIFIED SINE WAVE 
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AVERAGE FORWARO CURRENT- AMPERES 


11. MAXIMUM AMBIENT TEMPERATURE FOR HALF 
WAVE RECTIFIED SINE WAVE 


MAXIMUM ALLOWABLE AMBIENT TEMPERATURE ~*C 


L8,9 1811,L911 
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NOTES: {t) RESISTIVE OR INDUCTIVE LOAD, 60 CPS. 
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AVERAGE FORWARO CURRENT- AMPERES 


12. MAXIMUM CASE TEMPERATURE FOR HALF WAVE 
RECTIFIED SINE WAVE 


200 


NOTES: (1) JUNCTION TO AMBIENT 
100 (2) CELL LEAD MOUNTED, NO HEAT SINK. 
80 + — 


TRANSIENT THERMAL RESISTANCE-°C PER WATT 


| 
0001 0.01 oO. 


TIME IN SECONDS 
13. MAXIMUM TRANSIENT THERMAL RESISTANCE 


JUNCTION TO AMBIENT. CELL 
LEAD MOUNTED IN FREE 
CONVECTION AMBIENT. 
DEVICE NOT FASTENED TO 
EXTERNAL HEATSINK 


JUNCTION TO CASE 
TT 


TRANSIENT THERMAL RESISTANCE-°C PER WATT 
m @O 
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' oe | 
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14. MAXIMUM TRANSIENT THERMAL RESISTANCE 
(Diamond Base) 


NOTES: (I) RESISTIVE OR INDUCTIVE LOAD, 60 CPS. 


(2) CELL LEAD MOUNTEO, NO ADDITIONAL HEATSINKING, 
FREE CONVECTION COOLING. 


ONDUC TION 
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20 ree 
CONDUCTION AN 
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AVERAGE FORWARD CURRENT-AMPERES 


MAXIMUM AMBIENT TEMPERATURE FOR HALF WAVE 
RECTIFIED SINE WAVE (Diamond Base) 
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AVERAGE FORWARD CURRENT- AMPERES 
MAXIMUM CASE TEMPERATURE FOR HALF WAVE 
RECTIFIED SINE WAVE (Diamond Base) 


SYMBOLS AND DEFINITION OF TERMS 


Symbol Definition 
Vinny rx——____Forward Breakover Voltage, Gate Terminal Returned to the Cathode Terminal Through An impedance and/or Bias Voltage. The 
forward breakover voltage is the maximum positive voltage from anode-to-cathode for which the small-signal 
resistance is zero. 
Vexy—_______ Peak Forward Blocking Voltage Rating, Gate Terminal Returned to the Cathode Terminal Through An impedance and/or Bias 
Voltage. The peak forward blocking voltage rating is the maximum allowable instantaneous value of forward 
blocking voltage including transient voltages which will not switch the SCR to the on-state. 


Vexy Peak Forward Blocking Voltage, Gate Terminal Returned to the Cathode Terminal Through An Impedance and/or Bias Voltage. The 
peak forward blocking voltage is the peak forward voltage when the SCR is in the off-state. 

Vex OC Forward Blocking Voltage, Gate Terminal Returned to the Cathode Terminal Through An Impedance and/or Bias Voltage. The 
DC forward blocking voltage is the DC forward voltage when the SCR is in the off-state. 


Vypy1-_____ Peak On-Voltage. The peak on-voltage is the peak forward voltage for a stated forward current when the SCR 

is in the on-state. 

DC Reverse Blocking Current, Gate Terminal Returned to the Cathode Terminal Through An Impedance and/or Bias Voltage. The 

DC reverse blocking current is the DC current through the collector junction when the SCR is in the reverse 

blocking state for a stated arfode-to-cathode voltage. . 

Vrow (wkg) Working Peak Reverse Voltage Rating, Gate Open. The working peak reverse voltage rating is the maximum allowable 

: instantaneous value of the reverse voltage, excluding all repetitive and non-repetitive transient voltages which 
occur across the SCR. ‘ 

Virom (rep)____Repetitive Peak Reverse Voltage Rating, Gate Open. The repetitive peak reverse voltage rating is the maximum allow- 
able instantaneous value of the reverse voltage, including all repetitive transient voltages, but excluding all 
non-repetitive transient voltages, which occur across the Scr. 

Peak Forward Voltage Rating. The peak forward voltage rating is the maximum allowable instantaneous value of 

forward voltage which may be applied anode-to-cathode. It may cause switching to the on-state. If switching 

occurs at a voltage lower than the PFV value, no damage to the device will result. If the PFV value is exceeded, 
and if switching occurs, the device may be permanently damaged. . ; 

Ip (recovery)___Peak Reverse Recovery Current, The peak reverse recovery current is the peak reverse current obtained when instan- 
taneously switching from a forward current condition to a reverse voltage in a given circuit. 

Ipxn—____ iS Forward Blockin Current, Gate Terminal Returned to the Cathode Terminal Through An Impedance and/or Bias Voltage. The 
DC forward blocking current is the DC current through the collector junction when the SCR is in the off-state 
for a stated anode-to-cathode voltage. : 

Vyyi_______ Peak Forward Current, On-State. The peak forward current is the peak current through the collector junction for 

a positive anode-to-cathode voltage. : 

Holding Current, Gate Terminal Returned te the Cathode Terminal Through An Impedance and/or Bias Voltage. The holding 

current is the minimum current through the collector junction required to maintain the SCR in the on-state 

for stated conditions and load. 

Peak Gate Power Dissipation Rating. The peak gate power dissipation rating is the maximum allowable instantaneous 

value of gate power dissipation between gate and cathode. 

f,. Pulse Rise Time. The rise time of a pulse is the time interval durirg which the amplitude of its leading edge is 

increasing from 10 to 90 percent of the maximum amplitude. 

Circuit-Commutated Turn-Off Time. The circuit-commutated turn-off time is the time interval between the time when 


lax 


PFV. 


lirx 


Pc M 


oe the forward current decreases to zero and the time when the device voltage reaches zero and is rising to a stated 
value of forward blocking voltage at a stated rate of rise without turning on during switching in the external 
anode circuit from the on-state to the off-state under stated conditions. 

Tory Storage Temperature. 


Tj Su neetion Temperature. 

Load Resistor. 

Rex Gate-To-Cathode Resistance. External resistance connected between gate and cathode leads. 

Forward Current, On State. The forward current is the current through the collector junction for a positive anode- 

to-cathode voltage. 

Peak Rectangular Surge Forward Current, On State. The peak rectangular surge forward current is the maximum 

forward current of 5 milliseconds duration in a resistive load system. The surge may be preceded and followed 

by maximum rated voltage, current, and junction temperature conditions, and maximum allowable gate power 
may be concurrently dissipated. 

Vax side Reverse Voltage, Gate Terminal Returned to the Cathode Terminal Through An impedance and/or Bias Voltage. The DC 
reverse voltage is the DC negative anode-to-cathode voltage. 

dv/dt___ ote of Rise of Applied Forward Voltage. As specified for the SCR, this value will not trigger the SCR below rated 
voltage under stated conditions. This rate of rise is defined as the slope of a straight line starting at zero 
anode voltage and extending through the one time constant (r) point on an exponentially rising voltage. 

0.632 x rated voltage 

dv/dt 

| squared t Rating. This is the maximum allowable forward non-recurring overcurrent capability for pulse dura- 

tions of greater than 1.5 milliseconds. I is in RMS amperes, and t is pulse duration in seconds. The same 
conditions as listed above for Iru (surge) apply. 

Vion (noNn-rep)__Non-Repetitive Peak Reverse Voltage Rating, Gate Open. The non-repetitive peak reverse voltage rating is the maximum. 
allowable instantaneous value of the reverse voltage, including all non-repetitive transient voltages, but excluding 
all repetitive transient voltages, which occur across the SCR. 

Voum—______.__Peak Reverse Gate Voltage Rating. The peak reverse gate voltage rating is the maximum allowable peak voltage 
between the gate terminal and the cathode terminal when the junction between the gate region and the adjacent 
cathode region is reverse biased. 


leu (surge) 


It. 


Vern Peak Forward Gate Voltage Rating. The peak forward gate voltage rating is the maximum allowable peak voltage 
between the gate terminal and the cathode terminal resulting from the flow of forward gate current. 
Ver Gate Trigger Voltage, OC. The DC gate trigger voltage is the DC voltage between the gate and the cathode required 


to produce the DC gate trigger current. 

\;7r—______ Gate Trigger Current, OC. The DC gate trigger current is the minimum DC gate current required to cause switching 

from the off-state to the on-state for a stated anode-to-cathode voltage. 

——Gate Supply Current to Trigger, DC. The gate supply current to trigger is the sum of the gate trigger current (I«r) 

and the external gate-to-cathode shunt resistor current which the gate supply must supply to trigger the SCR. 

Py; }av)—___Average Gate Power Dissipation Rating. The average gate power dissipation rating is the maximum allowable gate 
power dissipation, averaged over a full cycle, between gate and cathode. 

ti____________ Pulse Delay Time. The delay time of a pulse is the time interval from a point at which the leading edge of the 

input pulse has risen to 10 percent of its maximum amplitude to a point at which the leading edge of the 

output pulse has risen to 10 percent of its maximum amplitude. 

Effective Irradiance. The amount of incident radiant flux density which has an effect on the device. This is the 

integral of the product of the spectral response curve of the cell and the spectral distribution of the energy 

source, expressed in watts per square centimeter. 

Her Effective Irradiance to Trigger. The amount of incident radiant flux density which is effective in causing the device 
to switch to the conducting state. This is the integral of the product of the spectral response, curve of the 
cell and the spectral distribution of the energy source, expressed in watts per square centimeter, which causes 
the device to switch. 

Y,________Relative Responte: The ratio of the response of the device at any one wavelength to the maximum response. 
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a Ge! Ged L14F1-114F2 


The General Electric LI4F1 and L14F2 are supersensitive NPN Planar Silicon 
Photodarlington Amplifiers. For many applications, only the collector and 
emitter leads are used; however, a base lead is provided to control sensitivity 
and the gain of the device. The L14F1 — L14F2 are a TO-18 Style hermeti- 
cally sealed packages with lens cap and are designed to be used in opto- 
electronic sensing applications requiring very high sensitivity. 


absolute maximum ratings: (25°C) ( unless otherwise specified) 
VOLTAGES — DARK CHARACTERISTICS 


Collector to Emitter Voltage Vcro 25 volts 

Collector to Base Voltage Vecso 25 volts 

Emitter to Base Voltage VERO 12 volts 
CURRENTS 

Light Current I, 200 mA 


DISSIPATIONS 
Power Dissipation (Ta = 25°C)* Pr 300 mW 


Power Dissipation (Tg = 25°C)** Py 600 mW 
TEMPERATURES 
Junction Temperature Ty 150 aC 


Storage Temperature Tstc -65 to 150 °C 


*Derate 2.4 mW/°C above 25SC ambient. 
**Derate 4.8 mW/°C above 25 C case. 


Light | Detector Planar Siticon serie Hiarlaatoi Amplifier 


-250 AND END OF LEAD AMAX 
OF .021 IS HELD, 
NOTE 2. 


230 
NOTE t. 208 
LEAD (WAMETER IS CONTROL- 495, 
LEO IN THE ZONE BETWEEN i786 | 
4150 AND .250 FROM THE ech ee 
SEATING PLANE. BETWEEN 
LEADS HAVING MAX, DIAMETER i 
(019) MEASURED IN GAGING 
PLANE .054 +,001-.000 
BELOW THE SEATING PLANE 
OF THE DEVICE SHALL BE 
WITHIN .007 OF TRUE POSt 
RELATIVE TOMAX. WITH TAB. 
NOTE 3. kon Bia 
MEASURED FROM MAX. DIA~ 
METER OF THE ACTUAL DEVICE Pworea | 
ALL DIMEN. IN INCHES ANO ‘ | 
ARE_REFERENCE UNLESS 
TOLERANCED. 


electrical characteristics: (25°C) (unless otherwise specified) 


L14F1 

STATIC CHARACTERISTICS MIN. MAX. 
LIGHT CURRENT 

(Vp = 5V, Ht = 0.2 mW/cm?) I ek 
DARK CURRENT 

(Vox = 12V, Ig = 0) Ip _ 100 
EMITTER-BASE BREAKDOWN VOLTAGE 

(Ig = 100 pA) V(BR)EBO 12 = 
COLLECTOR-BASE BREAKDOWN VOLTAGE 

(Ic = 100 pA) V(pr)CBO 25 a 
COLLECTOR-EMITTER BREAKDOWN VOLTAGE 

(Ic = 10 mA) V(pr)CEO 25 = 


SWITCHING CHARACTERISTICS (see Switching Circuit) 
SWITCHING SPEEDS 
(Vcc = 10V, Ip = 10 mA, R, = 100 Q) 


DELAY TIME tg _ 50 
RISE TIME ty _ 300 
STORAGE TIME ts _ 10 
FALL TIME te _ 250 


L14F2 
MIN MAX 

1 — mA 
_ 100 nA 
12 _ Vv 
25 - Vv 
25 _ Vv 
_ 50 psec 
_ 300 usec 
= 10 msec 
_ 250 usec 


TH = Radiation Flux Density. Radiation source is an unfiltered tungsten filament bulb at 2870°K color temperature. 
NOTE: The 2870°K radiation is 25% effective on the Photoeaee™ i.e., a GaAs source of 0.05 mW/cm? is equivalent to this 


0.2 mW/cm? tungsten source. 


TYPICAL ELECTRICAL CHARACTERISTICS 


L14F1-L14F2 


100 ~~ —_— 
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RELATIVE SPECTRAL RESPONSE 
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LED im | | || | 
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= ton = ta + tr 


tore =ts+ te 


5. TEST CIRCUIT 6. WAVE FORMS 


RELATIVE AMPLITUDE 


T, ~ LIGHT CURRENT - mA 
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IL/I_ @ 25°C - RELATIVE LIGHT CURRENT 


0.1 | 
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2. RELATIVE LIGHT CURRENT VS. 
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7. LIGHT CURRENT VS. RELATIVE 
SWITCHING SPEED 


Light Detector Planar Silicon Photo Transistor 
=| L14G1-L14G2-L14G3 


The General Electric L14G1 thru L14G3 are highly sensitive NPN Planar Silicon Photo- 
transistors. They are housed in a TO-18 style hermetically sealed package with lens cap. 
The L14G series is ideal for use in optoelectronic sensing applications where both high 
sensitivity and fast switching speeds are important parameters. Generally only the collector 
and emitter leads are used; a base lead is provided, however, to control sensitivity 
and gain of the device. 


230 
i i MOAB DIAMETER 1S CONTROL- ios 
absolute maximum ratings: (25°C. unless otherwise specified) LEDIN THE ZONE BETWEEN 8) 
1 
SEATING PLANE. BETWEEN 


.250 AND END OF LEAD A MAX. 


Voltages — Dark Characteristics OF 21 13 HELD 

Collector to Emitter Voltage VcEO 45 volts tbarueaonestnsaans 

Collector to Base Voltage Veso 45 volts BELOW THE SEATING PLANE 

Emitter to Base Voltage VeBo 5 volts Revarive ToMaX. wiTH Tae 0 

NOT! ‘ 

Currents METER OFTHE ACTUAL DEVICE Pda SEATING 

Light Current I, 50 mA ane ereRence UNLESS” | 3 LEADS 
Dissipations . a (nore 

Power Dissipation (Ta = 25°C)* Py 300 mW a3 ae 

Power Dissipation (Tc = 25°C)** Py 600 mW OX O36 

EQ) 028 ' 

Temperatures (NOTE 3) [A ass 

Junction Temperature Ty +150 °¢ 

Storage Temperature Tstc ~ 65 to +150 °C 

*Derate 2.4 mW/°G above 25°C ambient 
**Derate 4.8 mW/°C above 25°C case 
electrical characteristics: (25°C unless otherwise specified) 
L14G1 L14G2 L14G3 

STATIC CHARACTERISTICS MIN. MAX. MIN. MAX, MIN. MAX. 
Light Current 

(Vce = 5V, Ht = 10mW/cm?) I 6 3 12 mA 
Dark Current 

(Vce = 10V, H = 0) Ip 100 100 100 nA 
Emitter-Base Breakdown Voltage 

(Ie = 100A, Ig = 0, H * 0) ViBR)EBO 5 =| 5 Vv 
Collector-Base Breakdown Voltage 

(Ic = 100pA, Ig = 0, H * 0) Vipr)cBo 45 45 45 Vv 
Collector-Emitter Breakdown Voltage 

(Ic = 10mA, H 3 0 V(BR)CEO 45 45 45 v 
Saturation Voltage 

(Ic = 10mA, Ig = 1mA) Vce(saT) 0.4 0.4 0.4 Vv 
Turn-On Time (Vee = 10V, Ig = 2mA, ton 8 8 8 psec 
Turn-Off Time R, = 1002) tott 7 7 7 psec 

+H = Radiation Flux Density. Radiation source is on unfiltered NOTE: A GaAs source of 3.0 mW/cm2 is approximately equivalent | 


tungsten filament bulb at 2870°K color temperature. 1337 to a tungsten source, at 2870°K, of 10 mW/cm2 


IL-NORMALIZED LIGHT CURRENT 


L14G1-L14G2-L14G3 


TYPICAL ELECTRICAL CHARACTERISTICS 


Ht =20mW/cm2 


asin 


NORMALIZED TO 


Vcez5V 
Ht=1Omw/cm2 


IL-NORMALIZED LIGHT CURRENT 


Ip NORMALIZED DARK CURRENT 


A 
-COLLECTOR TO EM 


oe 
Light Current vs Collector to Emitter Voltage 


10 


TTER VOLTAGE 


~50 ie} 


NORMALIZED TO 
Voce =5V 


T= 25°C 


50 100 


T - TEMPERATURE - °C 


Normalized Light Current vs Temperature 


Ht =1OmW/cm2 


150 


NORMALIZED TO 


Ip@z25°c 
VcEO=IO VOLTS 


25 SsO 


: i 


75 100 


T- TEMPERATURE — °C 
Dark Current vs Temperature 


125 


ISO 


IL-NORMALIZED LIGHT CURRENT 


oO 


VCE =5V 
Ht =1OmW/cm@ 
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ITL- NORMALIZED LIGHT CURRENT 


is fh 
+ f NORMALIZED ro | 


b 10 
Ht = TOTAL IRRADIANCE IN mW/cm2 


Normalized Light Current vs Radiation 


NORMALIZED TO 
Vce = 10 VOLTS 
IL=2mA 

ton = tore =Spsec 
Ri=100n 


1.0 


10 


IL-OUTPUT CURRENT-mA 


Switching Times vs Output Current 


W ieeakewe ta 
12 =—=7 | Ch_ 
LEO 658 Li4e 
10 | [A —| =, —— 
8 L mat as ~~ = 
6 
NORMALIZED TO 
LEO 558 INPUT=IOmA 
Vce =!0 VOLTS 
4 TL2l00mA 
T= 25°C 
) Be ie 
S55 35 15 5 65 85 10! 


25 45 
T- TEMPERATURE -°C 
Normalized Light Current vs Temperature 


Both Emitter (LED55B ) and Detector 
(L14G) at Same Temperature 


Light Detector Planar Silicon Photo Transistor 


PP Pr 


L14H1-4 


The General Electric Light Sensor Series are NPN Planar Silicon Phototransistors in a clear 
epoxy TO-92 package. They can be used in industrial and commercial applications requiring a 
low cost, general purpose, photosensitive device. Generally only the collector and emitter leads 


are used; a base lead is provided, however, to control sensitivity and gain of the device. 


absol ute maximu m rati ngs: (25°C) (unless otherwise specified) 


Voltages — Dark Characteristics 
Collector to Emitter Voltage 
Collector to Base Voltage 
Emitter to Base Voltage 

Currents 
Light Current 

Dissipations 
Power Dissipation (T, = 25°C)* 

Temperatures 
Junction Temperature 
Storage Temperature 


*Derate 2.67 mW/°C above 25°C ambient 


electrical characteristics: (25°C) (uniess otherwise specified) 


STATIC CHARACTERSITICS 
Light Current 
(Vog = SV, HF = 10mW/cm?) 
Dark Current 
(Vcr = 10V, H ~ 0, Ip = 0) 
Emitter-Base Breakdown Voltage 
(Ip = 100uA, Ic = 0, H ® 0) 
Collector-Base Breakdown Voltage 
(Ic = 100uA, Ip = 0, H * 0) 
Collector-Emitter Breakdown Voltage 
(Ic = 1OmA, H 0) 
( Pulse Width<300usec, Duty cycle<1%) 
Saturation Voltage 
(Ic = 10mA, Ip = 1mA) 
Switching Speeds 
(Vog = 30V, Ty = 800 uA, Ry = 1kQ.)** 
On Time (tq + t,) 
Off Time (t, + t,) 


L14H2, H4 L14H1, H3 


Vero  30V 60V 
Vcso 30V 60V 
VEBO S 

ey 100 

Pr 200 

T; 100 
Tstc ~65 to 100 


L14H1 

Min. Max. 
Ip 5 
lp 100 
Vipr)EBO > 
Visrycso 99 
Vipryceo 60 
VcE(SAT) 0.4 
ton 8 
tort 7 


volts 
volts 
volts 


mA 


mW 


L14H2 


Min. 
2.0 


30 


Max. 


100 


0.4 


8 
7 


ALt DIMEN. IN INCHES AND 
ARE REFERENCE UNLESS 
TOLERANCED, 


THE 0,026 SQUARE PELLET 
1S WITHIN THE SHADED AREA 
THE ACTIVE AREA IS 
CENTERED WITHIN 40,020“ 
SQUARE ON THE PELLET 
SURFACE. 
DIMENSIONS IN INCHES 


PELLEF LOCATI 


L14H3 L14H4 

Min. Max. Min. Max. Units 
2.0 5 mA 
100 100 nA 

5 5 volts 
60 30 volts 
60 30 volts 
0.4 0.4 volts 

8 8 psec 

7 7 psec 


+H = Radiation Flux Density. Radiation source is an unfiltered tungsten filament bulb at 2870° K color temperature. 


**Radiant source is a gallium arsenide light emitting diode. 
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I_- NORMALIZED LIGHT CURRENT 


TYPICAL ELECTRICAL CHARACTERISTICS 


10 
5 
1or—— ~~ — 
r 5 
ito 
a 
H= 20mW/om 2 3 
5 } 
5 05 
10 4 
3 
N 
a 
: 
z 
4 oO 
Le) 
Ou 
NORMALIZED TO 9.98: 
Veg *5 VOLTS — 
H®10mW/cm2 
wool —d 
9015 7) 20 30 0.01 


Voge — COLLECTOR TO EMITTER VOLTAGE-VOLTS 


1. NORMALIZED LIGHT CURRENT VS. 
COLLECTOR TO EMITTER VOLTAGE 


NORMALIZED TO 
Veg #5 VOLTS 
H*= 1omW/cm 2 


100, 


= 
a 
= 


< 
= 

' 10 

5 & = 
w — = 
« 

“4 

3 pent 

x ‘E = 

z 
=o 
; a 

© 01 


Voge 30V 


== Hie Om Wem 7 =—— 


corel] E 


==: ; 
re ea a Eee 
-25 0 25.8078 100188 


T~TEMPERATURE~°C 


150 


4. DARK CURRENT VS. TEMPERATURE 


mt LL 
10 1S 20 


25 


H"- RADIATION FLUX DENSITY-mwW/em2 


2. NORMALIZED LIGHT CURRENT 


VS. RADIATION 


IL—NORMALIZEO LIGHT CURRENT 


NORMALIZED TO 
Vog® SVOLTS 


— 
| 


one 


150 


O0! -50 ° 50 


T- TEMPERATURE —° 
3. NORMALIZED LIGHT CURRENT 
VS. TEMPERATURE 


(00 


+ 


LI¢H 
RESPONSE 
CURVE 


CoA 
INFARED EMITTING 


RELATIVE Li4H RESPONSE 


DIODE OUTPUT a 


= + 


at. 
500 


600 
A- WAVELENGTH ~ NANOMETERS 


5, SPECTRAL CURVES 


700 


800 900 


RELATIVE LIGHT CURRENT RESPONSE 


302 


im 


O° = +908 | 


Cae 


Pigs 


Po ei, 
[= 2 [ 


| 


RELATIVE LIGHT CURRENT RESPONSE 


TOP VIEW 
= 


it 


-100 -80 


6. RELATIVE RESPONSE VS. INCIDENT ANGLE 


“60 ~40 -20 0 


20 40 #60 


©~ INCIDENT ANGLE — DEGREES 


60 


100 


seit 


INCIDENT ANGLE - DEGREES 


7. RELATIVE RESPONSE VS. INCIDENT ANGLE 
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Direct replacement for SSL55B, SSL55C, SSL56, SSL55BF, SSL55CF, SSL56F 


Infrared Emitter 


Gd G3 LED55B, LED55C, LED56,_LED558F, LEDSSCF, LEDS6F 


Gallium Arsenide Infrared-Emitting Diode 


The General Electric LEDSSB-LED55C-LEDS56 Series are gallium arsenide, 
light emitting diodes which emit non-coherent, infrared energy with a peak wave 
length of 940 nanometers. They are ideally suited for use with silicon detectors. 
The “‘F” versions of these devices have flat lens caps. 


absolute maximum ratings: (25°C unless otherwise specified) 


Voltage: 

Reverse Voltage VR 3 volts 
Currents: 

Forward Current Continuous Ip 100 mA 

Forward Current (pw 1 usec 200 Hz) Ip 10 A 
Dissipations: 

Power Dissipation (T, = 25°C)* Pr 170 mW 

Power Dissipation (Tc = 25°C)** Pr 1.3 WwW 
Temperatures: 

Junction Temperature T;  -65°C to +150°C 


Storage Temperature 
Lead Soldering Time 


*Derate 1.36 mW/°C above 25°C ambient. 
**Derate 10.4 mW/°C above 25°C case. 


TstG 65°C to +] 50°C 
10 seconds at 260°C 


electrical characteristics: (25°C unless otherwise specified) 
MIN. 
Reverse Leakage Current 
(Vp = 3V) IR 
Forward Voltage 
(Ig = 100mA) VE 


optical characteristics: (25°C unless otherwise specified) 


Total Power Output (note 1) 
(Ip = 100mA) 
LED55B-LEDS5BF Po 3.5 
LED55C-LED55CF 5.4 
LEDS6 -LEDS6F 1.5 


Peak Emission Wavelength 
(Ip = 100mA) 
Spectral Shift with Temperature 
Spectral Bandwidth 50% 
Rise Time 0-90% of Output 
Fall Time 100-10% of Output 


LED55B 
LED55C 


. pate 
+: 
017 £304 .040 


5 
(NOTE 1) IN. 
Jr — 


3 ( ; | 
ANODE CATHODE 


(CONNECTED 
TO CASE) 


TYP, 


1.4 1.7 


940 
28 
60 

300 

200 


Note 1: Total power output, Po, is the total power radiated by the device into a solid angle of 2 7 steradians. 
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LEDSSBF 
LEDSS5CF 
LEDS6F 


017992 


(NOTE 1) »{ 100 les, 
1 


2LEADS MA 500 


NOTE 1; 
LEAD OIAMETER IS CONTROL: 
LED IN THE ZONE BETWEEN 
.050 AND .250 FROM THE 
SEATING PLANE. BETWEEN 
.250 AND END OF LEADA 
MAX. OF .021 IS HELD. 


UNITS 


NORMALIZED POWER OUTPUT 


Ip- FORWARD CURRENT — AMPERES 


RELATIVE OUTPUT - PERCENT 


LED55B, LED55C, LED56, LED55BF, LED55CF, LED56F | TYPICAL CHARACTERISTICS 


100 = == A 
== aS ===== 
I] ac oF -—t 
a a CL UT ET 
PULSED Pw ll 
me Baill Lest ge seoeu| 
+ = t—— Forwaro 4 
—o -——|_ current FF 
Eee (rae ena 
0.2 
9: = <== sa=ss 
t—] — — a 
0.08|——7- 4 i =o] aso es ty 
a a 0 
oe Palin TH ie 
ook EA LHI | CTT TTT 
00! .002 005 Ol 02 05 0. 0.2 0.5 1.0 2 5 10 
If~ FORWARD CURRENT -AMPERES 
1. POWER OUTPUT VS. INPUT CURRENT 
io-— 
8.0 >} 
6.0 Ulli nel 
4.0 


ie) q 2 3 4 5 6 7 
Ve- FORWARD VOLTAGE —VOLTS 


3. LED 55B, 55C, 56, 55BF, 55CF, 56F FORWARD 
VOLTAGE VS. FORWARD CURRENT 


too 


80 


20 


0 30 20 10 co) to 20 30 
6-ANGULAR DISPLACEMENT FROM OPTICAL AXIS -DEGREES 


LED 55B, 55C, 56 
TYPICAL RADIATION PATTERN 


Po - NORMALIZED POWER OUTPUT 


NORMALIZED TO 
Ip s100mA 
Tas 25°C 


° 25 50 75 100 
Ta-AMBIENT TEMPERATURE -°C 


2. POWER OUTPUT VS. TEMPERATURE 


Ip- FORWARD CURRENT -MILLIAMPERES 


4. FORWARD VOLTAGE VS. 
FORWARD CURRENT 


RELATIVE OUTPUT - PERCENT 


20 i] 20 40 60 
8- ANGULAR DISPLACEMENT FROM OPTICAL AXIS — DEGREES 


6. LED 55BF, S5CF, 56F 


TYPICAL RADIATION PATTERN 


Silicon 
Diodes 


— 
MA1701,2,3,4 


| MPA, MPS SERIES SEE SELECTOR GUIDE | 


This family of General Electric Milli-Heatsink Diodes are very high speed 
switching diodes for computer circuits and general purpose applications. 
These diodes incorporate an oxide passivated epitaxial pellet with a raised 
solid silicon anode contact. 


These MA-series diodes exceed the electrical and mechanical requirements 
of the following JEDEC devices: 


Standard Cathode Band 


MA1701 MA1702 MA1703 and Body Marking Colors: 
1N914 1N4153 1N4151 1N4152 MA1701 — Violet 
1N914A 1N4154 1N4152 1N4154 MA1702 — Yellow 
1N916 1N4446 1N4153 1N4727 MA1703 — Green 
IN916A 1N4447 1N4154 MA1704 — Black L280 aie L250: 
1N4148 1N4448 1N4454 Body marking will consist raGes 0120 
1N4149 1N4454 1N4727 only of the GE symbol O18 Max 


1N4151 0 -1N4727 (avcome aa 
CATHODE END 


NOTE: ALL DIMENSIONS IN INCHES 


absolute maximum ratings: (25°C) 


MAI1701 MA1702 MA1703 MA1704 
Voltage 
Reverse Ver 100 15 40 25 Volts 
Current 
Average Rectified I, — 200 ——— mA 
Recurrent Peak Forward Trust $$ _ 600 —— mA 
Forward Steady State D-C I —_—— 150 mA 
Peak Forward Surge (1usec) Tess —_——— 1 Amps 
Derate above 25°C ——— 11 mA/°C 
Temperature 
Operating Ty +  — _ 65 to 4175 °C 
Storage Tsre ———  — — 65 to +200 —_—_____—> °C 


Power Dissipation 


$ 
0.250 inches 
0.500 inches 


Note 1: The maximum power dissipation is defined as the heat dissipating capability of the diode when operated at 25°C as an 
AC signal device within the absolute maximum voltage and current ratings specified above. The power rating is 
based on a maximum junction temperature of 200°C. The steady state thermal resistance (°C/mW) can be used to 
calculate the power dissipating capabilities, within the maximum voltage and current ratings, at temperatures other 
than 25°C. 


1343 


MA1701,2,3,4 


electrical characteristics: (25°C) (unless otherwise specified) 


MA1701 MA1702 MA1703 MA1704 

Forward Voltage Vr Min. Max. Min. Max. Min. Max. Min. Max. 

(Ir = 0.100mA) 0.490 0.550 0.490 0.550 0.490 0.550 0.460 0.570 Volts 

(Ir =1.0 mA) 0.590 0.650 0.590 0.650 0.590 0.650 0.570 0.680 Volts 

(Ip =10 mA) 0.700 0.810 0.700 0.810 0.700 0.810 0.680 0.850 Volts 

(iy = 30 mA) (2) 0.780 0.930 0.780 0.930 0.780 0.930 0.740 1.00 Volts 

(Iy = 50 mA) (2) 0.830 1.00 0.830 1.00 0.830 1.00 0.770 1.10 Volts 

(Ir = 100 mA) (2) 0.935 1.10 0.935 1.10 0.935 1.10 0.820 1.30 Volts 
Reverse Current Ih 

(Vr = 15 Volts) 50 nA 

(Vr = 20 Volts) 100 nA 

(Vr = 80 Volts) 30 30 50 nA 

(Vr = 80 Volts, Ts = 150°C) 30 30 50 BA 

(Vx = 50 Volts) 50 50 nA 

(Vr = 50 Volts, T, = 150°C) 50 50 BA 

(Vr = 75 Volts) 5 pA 
Breakdown Voltage Viewer 

(In = 5uA) 15 40 25 Volts 

(Ir = 100nA) 100 Volts 
Stored Charge Qs 

(Ivy = 10mA) (3) 40 40 40 40 pc 
Peak Forward Voltage View 

(Iv = 50mA, t, = 10nsec) (4) 3.0 2.75 1.75 1.75 Volts 
Capacitance Co 

(Vz — OV, f = 1MHz, 

Signal Level = 50mV) (5) 1.0 1.0 2.0 3.0 pF 


Note 2: Pulsed measurement with pulse width <350usec, duty cycle <2%. 

Note 3: Test method per JEDEC suggested standard number for direct measurement of diode stored charge, B-Line Elec- 
tronics Corporation stored charge meter Model QS-3 or equivalent. 

Note 4: Measured per EIA Standard RS-286. 

Note 5: Capacitance as measured on Boonton Electronics Model 75A Capacitance Bridge (or equivalent). 
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Silicon 
Transistors 


The MPS-AOS and MPS-A06 are silicon planar epitaxial passivated NPN tran- 
sistors designed for general purpose audio amplifier applications. 


absolute maximum ratings: (Ta 


Voltages 
Collector to Emitter VcEo 
Collector to Base VcRo 
Emitter to Base VEBO 
Current 
Collector Te 
Dissipation 
Total Power Ta < 25°C Pr 
Total Power Tc < 25°C Py 


Derate Factor Ta > 25°C 
Derate Factor Tc > 25°C 


Temperature 
Operating Ty 
Storage TstcG 
Lead (1/16” + 1/32” Ty 


from case for 10 sec.) 


MPS-A0S 
60 


60 
4 


12 


MPS-A06 
80 


80 
4 


625 
1.5 
5 

12 


-55°C to +150°C 
-55°C to +150°C 


+230° 


C 


= 25°C unless otherwise specified) 


Volts 


Volts 
Volts 


ol 


=e I. ae 
2. BASE 
TO-92 3 COLLECTOR 


rol ut 
~ia 
Ojul 
jo} 
ES 
Pi Seed \sad KH da 
a! Jola|Ojaqioin 
—lojo|—i-|O 
- 1O]ua|s[ojr|~! — 
fo) Ojon as 
lol ool 
Njio 
ola 


2 


2.920 


cal f 
D/O 
i 
ne rl 


2.030[ 2. érotos 


NOTES: 


1. THREE LEADS 
2. ee OF PACKAGE UNCONTROLLED OUTSIDE 
IDE. 


3. (THREE LEADS) ¢b2 APPLIES BETWEEN Ly AND La. 
¢b APPLIES BETWEEN Lo AND 12.70 MM ( 500") 
FROM THE SEATING PLANE. DIAMETER IS UN- 
CONTROLLED INL, AND BEYOND I2. 70 MM (.500") 
FROM SEATING PLANE. 


electrical characteristics: (T, = 25°C unless otherwise specified) 


Static Characteristics 
Collector-Emitter Breakdown Voltage 
(Ic = ImA, Ig = 0) 
Collector-Base Breakdown Voltage 
(Ic = 100 MA, Ig = 0) 
Emitter-Base Breakdown Voltage 
(Ig = 100A, Ie Se 0) 
Collector Cutoff Current 
(Vcp a 60V, Ig = 0) — MPS-A05 
(Vcp = 80V, Ig = 0) — MPS-A06 
Collector Cutoff Current 
(Vcr = 60V, Ip = 9) 
Forward Current Transfer Ratio 
(Vcr = 1V, Ic = 10mA) 
(Vcore = 1V, Ic = 100mA) 


SYMBOL 
V(BR)CEO 
V(BR)CBO 
V(BR)EBO 


IcBo 
IcBo 


IcEo 


hyg 
thre 


MPS-A0S 
MIN. MAX. 
60 - 
60 _ 
4 = 
_ 100 
= 100 
50 _ 
50 — 
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50 
50 


MPS-A06 

MAX UNITS 
- Volts 
—- Volts 
_ Volts 
_ nA 

100 nA 

100 nA 


MPS-A05 MPS-A06 

Static Characteristics (continued) SYMBOL MIN. MAX. MIN. MAX. UNITS 
Collector-Emitter Saturation Voltage 

(Ic = 100mA, Ip = 10mA) +VCE(sat) = 25 = 25 Volts 
Base-Emitter Saturation Voltage 

(Ic = 100mA, Ip = 10mA) + VBE(sat) Be 1.0 = 1.0 Volts 
Base-Emitter Voltage 

(Vcr = 1V, Ic = 100mA) +VBE(ON) = 1.0 = 1.0 Volts 
Dynamic Characteristics 
Collector-Base Capacitance 

(Vcp = 10V, Iz = O,f = 1 MHz) Ceb - 12 a 12 pF 
Gain bandwidth 

(Vcr = 5V, Ic = 30mA, f = 50MHz) fy 80 - 80 _ MHz 


Pulse width < 300 psec., Duty Cycle < 2%. 


-—t A CS 
i aca a oe 


omens | 
un 
to 
— sa LA 


~ FORWARD CURRENT TRANSFER RATIO NORMALIZED TO 
1OmA VALUE 


Vee (S@t}-COLLECTOR EMITTER SATURATION VOLTAGE -VOLTS 


Nee 


Ie -COLLECTOR CURRENT-ma : lc -COLLECTOR CURRENT -mA 
FORWARD CURRENT TRANSFER RATIO NORMALIZED COLLECTOR EMITTER SATURATION VOLTAGE 
TO 10mA VALUE VS COLLECTOR CURRENT VS COLLECTOR CURRENT 


VOLTAGE -VOLTS 
a 


Vpe- BASE EMITTER VOLTAGE. Vpe (Sat) -BASE EMITTER SATURATION 


Ig- COLLECTOR CURRENT- ma 
BASE EMITTER VOLTAGE (Vc¢ = 1V) AND BASE EMITTER 
SATURATION VOLTAGE (Ic = Tae VS COLLECTOR CURRENT 


Silicon 
Darlington 
Transistor 


The General Electric MPS-A12 is a Silicon Planar Epitaxial 
Passivated NPN Darlington Transistor is designed for preamp- [be 
lifier input applications where high impedance is a requirement. 


wn 


t 
Ly on — 
— a i 
A 
SEATING PLANE 1, ae 


2.BASE 


absolute maximum ratings: (Ta = 25°C unless otherwise specified) To-92 3. COLLECTOR 
MILLIMETERS | _iNCHES 
Voltages [srmaou}—¥ MIN. | MAX. | MIN. [MAX. NOTES 
? A 1432015330! l170l210{ | 
Collector to Emitter VcEs 20 Volts pe 407 ee) ot9 i sioret 13 
407} 4821016 (01 
Collector to Base Vero 20 Volts $0 |4450/520 Of. 751205] “Tal 
Emitter to Base E13.180/41 90; 1251165 
. VEBO 4 Volts e [241 0[2.670/095/105, 
Current ey Tit 50] 1.395/.045'055! 
13430143201) 35,1701 
Collector Ic 500 mA Li2700; — [s00! — 71,3 
Dissipati uy — (1270; — 1050] 3 
issipation 7 t2 [6350; — 1250) = {3 
< QO j2920/.— i115) -[ 2 
Total Power Ta S25 Cc Pr 626 mW [-s _[eosolzerotosolros 
Derating Factor T, > 25°C Py 5.0 mW/"C NOTES: 
1. THREE LEADS 
Temperature ° 2.CONTOUR OF PACKAGE UNCONTROLLED OUTSIDE 
: + THIS SIDE. 
Storage Tstg 55 to +150 Se 3.(THREE LEADS) ¢b2 APPLIES BETWEEN Ly AND Lo. 
Operating Ty; -55tot+l50 ~C ¢b APPLIES BETWEEN Lo AND 12.70 MM (.500") 
" " ° FROM THE SEATING PLANE. DIAMETER IS UN- 
Lead (1/16" + 1/32" from Ty +230 Cc CONTROLLED IN Ly AND BEYOND 12. 70 MM (.500") 


case for 10 sec. max.) FROM SEATING PILANE. 


electrical characteristics: (Ta, unless otherwise specified) 


Static Characteristics SYMBOL MIN. MAX. UNITS 
Collector-Emitter Breakdown Voltage 

(Ic = 100 uAdc, Ig = 0) BVces 20 aac Vde 
Collector Cutoff Current 

(Vcr =. 15 Vdc, VBE = 0) Iczs = 100 nAdc 
Collector Cutoff Current 

(Veg = 15 Vde, Ig = 0) IoBo _ 100 nAdc 
Emitter Cutoff Current 

(Vep = 10 Vdc, Ic = 0) Igpo a 100 nAdc 
DC Current Gain 

(Ic = 10 mAdc, VcE = 5. 0 Vdc) hrg 20,000 = 
Collector-Emitter Saturation Voltage 

(Ic = 10 mAdc, Ig = 0.01 mAdc) VeE(sat) _ 1.0 Vdc 
Base-Emitter On-Voltage 

(Ic = 10mAdc, VcE = 5.0 Vdc) VBE(on) oma 1.4 Vde 


Dynamic Characteristics 
Output Capacitance 


(Voz = 10 Vdc, Ig = 0, f = 100 kHz) Cob = 8 pF 
Small-Signal Current Gain 
(Ic = 10 mAdc, Vox = 5.0 Vde, f = 1.0kHz) hge 20,000 - 
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TT 
Nt 


nN 


TYPICAL 
Vee = 5¥ 


Fe ~ FORWARD CURRENT TRANSFER RATIO NORMALIZED TO 
2mA VALUE 


Voge (SAT) -COLLECTOR EMITTER SATURATION VOLTAGE - VOLTS 


=e 1.0 10 100 1000 
Ig -COLLECTOR CURRENT -mA Ig “COLLECTOR CURRENT- mA 
FORWARD CURRENT TRANSFER RATIO NORMALIZED COLLECTOR EMITTER SATURATION VOLTAGE 
TO 2mA 5V VALUE VS. COLLECTOR CURRENT VS. COLLECTOR CURRENT Ic = Ip X 1000 


== 
VBE {SAT} 


Voge — BASE EMITTER VOLTAGE - VOLTS 


Le] 
Ig? COLLECTOR CURRENT -ma 


BASE EMITTER VOLTAGE Vce = 5V AND BASE EMITTER 
SATURATION VOLTAGE IC = IB X 1000 
VS. COLLECTOR CURRENT 
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Silicon 
Darlington 
Transistor 


The General Electric MPS-A13, Al4 are Silicon Planar Epi- 
taxial Passivated NPN Darlington Transistors designed for 
preamplifier input applications where high impedance is a 


requirement. 
| he ae ae 
absolute maximum ratings: (Ta, = 25°C unless otherwise specified) ”. aE ATRGOGANE 1 we 
Voltages TO-92 3 COLLECTOR 
Collector to Emitter VcEs 30 Volts 
Collector to Base Vcp 30 Volts 
Emitter to Base VeB 10 Volts 
Current 
Collector Ic 500 mA 
Dissipation 
Total Power Ta < 25°C Py 625 mWatts 
Total Power To < 25°C Py 1.5 Watts 
Derate Factor Ta > 25°C Py 5.0 mW/°C 
Derate Factor Tc > 25°C Pr 12 mW/°C ee 
Temperature 2. CONTOUR oF PACKAGE UNCONTROLLED OUTSIDE 
Storage Tstg -55 to +150 at 6 3.( THREE LEADS) $b2 APPLIES BETWEEN Ly AND Lo. 
: b APPLIES BETWEEN L2 AND 12.70 MM (.500" 
Operating Ty -55to+150 ~C from THE SEATING PLANE. DIAMETER IS UN- ‘ 
Lead (1/16” + 1/32” from Tr. +230 °c CONTROLLED IN END BEYOND 12.70 MM (.500") 
case for 10 sec. max.) 
electrical characteristics: (T, = 25°C unless otherwise specified) 
Static Characteristics SYMBOL MIN. TYP. MAX. UNITS 
Collector-Emitter Breakdown Voltage 
(Ic = 100 uAdc, Ig = 0) BVcEs 30 _ - Vde 
Collector Cutoff Current 
(Vcp a 30 Vdc, Ig oad 0) IcRBo = _ 100 nAdc 
Emitter Cutoff Current 
BE = = 10 Vdc, Ic = 0) IEBo = _ 100 nAdc 
DC Current Gain 
(Ic = 10mAdc, Vor = 5.0 Vdc) — MPS-A13 *hrep 5,000 _ _ 
— MPS-Al14 *hrr 10,000 _ _ 
(Ic = 100 mAdc, Vox = 5.0 Vdc) — MPS-A13 *hpp 10,000 - ~ 
— MPS-A14 *hrr 20,000 _ ~ 
Collector-Emitter Saturation Voltage 
(Ic = 100 mAdc, Ip = 0.1 mAdc) *VocE(sat) — 0.75 1.5 Vde 
Base-Emitter On-Voltage 
(Ic = 100 mAdc, VcE = 5.0 Vdc) *VBE(on) = 1.29 2.0 Vdc 
Dynamic Characteristics 
| High Frequency Current Gain 
(Ic = 30mAdc, Veg = 10 Vde, f = 20 MHz) her 4 _ = MHz 
Output Capacitance 
(Voz = 10 Vdc, Ip = 0, f = 100 kHz) Cob - 5.4 8 pF 
Noise Figure 
(ic = 1.0 mAdc, Veg = 5.0 Vdc, Rg = 100K ohms, f=1.0kHz) NF — 2.0 — dB 


Pulse Test: Pulse Width < 300us, duty cycle < 2.0%. 
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TO 2mA 5V VALUE VS. COLLECTOR CURRENT VS. COLLECTOR CURRENT Ic = Ig X 1000 


TYPICAL 


_55c VBE (SAT) 


PS 


ike 


Vag — BASE EMITTER VOLTAGE - VOLTS 


es A 
A eilil 
19 


© 
Ig* COLLECTOR CURRENT -mA 


BASE EMITTER VOLTAGE Vce = 5V AND BASE EMITTER 
SATURATION VOLTAGE IC = IB 1000 
VS. COLLECTOR CURRENT 
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Transistors 


Silicon 


The MPS-A20 is a silicon planar epitaxial passivated NPN transistor, designed 


for general purpose amplifier applications. 


absolute maximum ratings: (Ts = 25°C unless otherwise specified) 


Voltages 
Collector to Emitter VcEO 
Collector to Base VeBo 
Emitter to Base VEBO 
Current 
Collector Io 
Dissipation 
Total Power Ta < 25°C Py 
Total Power Tc < 25°C Pr 


Derate Factor Ta > 25°C 
Derate Factor Te > 25°C 


Temperature 
Operating Ty 
Storage TstG 


Lead (1/16”" + 1/32” from Ti 
case for 10 sec.) 


electrical characteristics: (Ta = 25°C unless otherwise specified) 


Static Characteristics 
Collector-Emitter Breakdown Voltage 
(Ic = ImA, Ip = 0) 
Collector-Base Breakdown Voltage 
(Ic = 100A, Ip = 0) 
Emitter-Base Breakdown Voltage 
(Ig = 100 pA, Ic = 0) 
Collector Cutoff Current 
(Vos = 30V, Ig = 0) 
Forward Current Transfer Ratio 
(Vcr = 10V, Ic = SmA) 
Collector-Emitter Saturation Voltage 
(Ic = 10mA, Ip = 1mA) 
Dynamic Characteristics 
Collector-Base Capacitance 
(Vcp = 1OV, Ip = O,f = 1 MHz) 
Gain Bandwidth Product 
(Vcr = 10V, Ic = 5mA, f = 100 MHz) 


40 
50 
4 


350 
1.0 
2.8 
8.0 


Volts 
Volts 
Volts 


55°C to +150°C °C 
55°C to +150°C °C 
+230°C *C 


SYMBOL 
V(BR)CEO 
V(BR)CBO 
V(BR)EBO 
IcBo 
hre 


Vox(sat) 
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MIN. 


40 


50 


4 


40 


125 


Ly — 
be as 
A 
SE ATMSHUANE me 


2 BASE 
TO-92 3. COLLECTOR 


MILLIMETERS] INCHES |] 
neat MIN | MAX. | MIN. [MAX. NOTES 
A 1432015330) 170|210] | 
$e 407| 55 010161022) 13 | 
bo | 407| 482 Bteloral 3 
4450152001175, 205, | 
E [3180/4190] 1251765) | 
e {2410/2670 /.095/105 
ey {1.1 50! 1.395/1.0451.055) 
}13.430/4 3320/1 35,1701 | 
ie Ner0ot — {s00! — [13 
ui — [270l — [050 im 
iz [6350| — {.250; — {| 3) 
Q [226 = _ft1s 2 
s  {2.030|[2.670 Losolrosl 


NOTES: 

1. THREE LEADS 

2. roi OF PACKAGE UNCONTROLLED OUTSIDE 

HIS SIDE. 

3. (THREE LEADS) ¢b2 APPLIES BETWEEN Ly AND Loa. 
¢b APPLIES BETWEEN La AND 12.70 MM ( 500") 
FROM THE SEATING PLANE. DIAMETER IS UN- 
CONTROLLED INL, AND BEYOND le. 70 MM (.S00") 
FROM SEATING PLANE. 


MAX. UNITS 
= Volts 
— Volts 
_ Volts 

100 nA 
400 
25 Volts 
4 pF 
- MHz 


NORMALIZED FORWARD CURRENT TRANSFER RATIO 


Lo) 
Ol A 


V- VOLTAGE -VOLTS 


| 
I¢ -COLLECTOR CURRENT -m 


NORMALIZED DC CURRENT GAIN 


Ig -COLLECTOR CURRENT-—mA 


“SATURATION” AND “ON” VOLTAGES 
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Silicon 
Transistors 


The MPS-A55 and MPS-A56 are silicon planar epitaxial passivated PNP tran- 
sistors designed for medium current general purpose amplifier applications. 
Voltage and current values for PNP are negative: observe proper polarity. 


* ‘ <— 
absolute maximum ratings: (T, = 25°C unless otherwise specified) ARR 
tp 
Voltages MPS-A55 ~— MPS-A56 | SS E 
Collector to Emitter VcrEo 60 80 Volts SEATIVGPUANE > J eve 
Collector to Base VcBo 60 80 Volts TO-92 3. COLLECTOR 
; MILLIMETERS] INCHES | 
Emitter to Base VeBO 4 4 Volts seme a MAX, | MIN. [Max |NOTES 
A_ [4320/5330] 170/210 
Current _ 407| 550101 610221 ca 
407| 482[0!16/019 
Collector Ie 500 500 mA D_ [44501520011 751205 
Seta: E_ [3180/41 90) 125/165 x 
Dissipation [e241 0'2670/.095/ 105) 
Total Power Ta < 25°C Py 625 625m Watts too begs Ossiogs 
Total Power Te < 25 C Py 1.5 1.5 Watts 12.700 396 300. 5 8 
— ¢ = A 
Derate Factor Ta > 25°C 5 5 mw/"C =_[ 250) = [37] 
° — AtS] — 2 
Derate Factor Tg > 25°C 12 12 mW/°C 26700801105, 4 
NOTES: 
Temperature : 1 THREE LEADS 
Operating Ty -55°C to +150°C Cc 2.CONTOUR OF PACKAGE UNCONTROLLED OUTSIDE 
Storage Tstc -55°C to +150°C °C 3. soe ees BETWEEN Ly AND Lo. 
, © N Lg AND 12.70 MM (.500° 
Lead (1/16” + 1/32” from TL +230°C Cc FROM THE SEATING PLANE. DIAMETER IS one: 
OLLED INL, AND BEYOND 1!2.70MM(.500" 
case for 10 sec.) FROM SEATING PLANE. 


electrical characteristics: (T, = 25°C unless otherwise specified) 


MPS-A55 MPS-A56 

Static Characteristics SYMBOL MIN. MAX. MIN. MAX. UNITS 
Collector-Emitter Breakdown Voltage 

(Ic =1 mA, Ip = 0) V(BR)CEO 60 = 80 — Volts 
Collector-Base Breakdown Voltage 

(Ic = 100 nA, Ip = 0) V(BR)CBO 60 = 80 = Volts 
Emitter-Base Breakdown Voltage 

dg = 100 yA, Ic = 0) V(BR)EBO 4 = 4 = Volts 
Collector Cutoff Current 

(Vcp = 60V, Iz = 0) — MPS-ASS IcBo = 100 ms 100 nA 

(Vcp = 80V, Iz = 0) — MPS-AS6 IcBo = 100 i 100 nA 
Collector Cutoff Current 

(Vcr = 60V, Ip = 0) IcEo — 100 — 100 nA 
Forward Current Transfer Ratio 

(Vcr = 1V, Ic = 10mA) hre 50 — 50 - 

(Vcr = IV, Ic = 100mA) Thre 50 = 50 = 
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PMPS-AS5 


MPS-A55 
MPS-A55 MPS-A56 

Static Characteristics (continued) SYMBOL MIN. MAX. MIN. MAX. UNITS 
Collector-Emitter Saturation Voltage 

(Ic = 100mA, Ip = 10mA) + VCE(sat) — 25 — 25 Volts 
Base-Emitter Saturation Voltage 

(Ic = 100mA, Ip = 10mA) +VeE(sat) - 1.0 ~ 1.0 Volts 
Base-Emitter Voltage 

(Vcr = 1V, Ic = 100mA) + VeE(on) - 1.0 ~ 1.0 Volts 
Dynamic Characteristics 
Collector-Base Capacitance 

(Vcp = 10V, Ip = Of = 1 MHz) Cob = 20 ~ 20 pF 
Gain Bandwidth Product 

(Vcr = 5V, Ic = 30mA, f = 50MHz) fr 50 _ 50 _ MHz 


fPulse width < 300 psec., Duty Cycle < 2%. 


I¢ #Ig x 10 


THT ta s25¢ 


1OmA VALUE-RATIO 


Neg ~FORWARD CURRENT TRANSFER RATIO NORMALIZED TO THE 


' 10 100 1000 reall 1.0 10 100 1000 
Ig -COLLECTOR CURRENT-mA T¢ -COLLECTOR CURRENT -mA 
FORWARD CURRENT TRANSFER RATIO NORMALIZED COLLECTOR EMITTER SATURATION VOLTAGE 
TO THE 10mA VALUE VS COLLECTOR CURRENT VS COLLECTOR CURRENT 


& 
s 


N 


VOLTAGE - V 
TAGE ~. 


we 


cS 


Vp ~ BASE EMITTER VOLTAGE, Vag (saT)- BASE EMITTER SATURATION 


0 
I¢ - COLLECTOR CURRENT-mA 


BASE EMITTER VOLTAGE (Vc¢ = 1V) AND BASE EMITTER 
SATURATION VOLTAGE (Ic = 10.x 1B) VS COLLECTOR CURRENT 
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Silicon 
Darlington 
Transistor 


Reed Cd Nora 


The General Electric MPS-A65, A66 are Silicon Planar Epi- 

taxial Passivated PNP Darlington Transistors designed for pre- 
amplifier input applications where high impedance is a 
requirement. 

absolute maximum ratings: (Ta = 25°C unless otherwise specified) 


Voltages 
Collector to Emitter VcEs 30 Volts 
Collector to Base Ves 30 Volts 
Emitter to Base VEB 8 Volts 
Current 
Collector Ic 300 mA 
Dissipation 
Total Power Ta < 25°C Py 625 mWatts 
Total Power Tc < 25°C Pr 1.5 Watts 
Derate Factor Ta > 25°C Pr 5.0 mW/°C 
Derate Factor Tc > 25°C Py 12 mW/°C 
Temperature 
Storage Tstg -SSto +150 °C 
Operating Ty -5S5to+150 °C 
Lead (1/16” + 1/32” from TL +230 °C 


case for 10 sec. max.) 


electrical characteristics: (Ta = 25°C unless otherwise specified) 


Static Characteristics SYMBOL 
Collector-Emitter Breakdown Voltage 
(Ic = 100 uAdc, Ip = 0) BVcEs 
Collector Cutoff Current 
(Veg = 30 Vdc, Ig = 0) Icgo 
Emitter Cutoff Current 
(VBE = 8.0 Vdc, Ic = 0) IgRo 
DC Current Gain 
(Ic = 10 mAdc, VcE = 5.0 Vdc) — MPS-A65 *her 
— MPS-A66 *her 
(Ic = 100 mAdc, Ver = 5.0 Vdc) — MPS-A65 *her 
— MPS-A66 *her 
Collector-Emitter Saturation Voltage 
(Ic = 100 mAdc, Ig = 0.1 mAdc) VcE(sat) 
Base-Emitter On-Voltage 
(Ic = 100 mAdc, Vox = 5.0 Vdc) *VeE(on) 
Dynamic Characteristics 
Current-Gain — Bandwidth Product 
(Ic = 30 mAdc, Vog = 10 Vde, f = 50 MHz) fy 
Output Capacitance 
(Vcg = 10 Vdc, Ip = 0, f = 100 kHz) Cop 
Noise Figure 
(Ic = 1.0mAde, Vor = 5.0 Vde, Rg = 100k ohms, NF 
f = 1.0kHz) 


*Pulse Test: Pulse Width < 300us, duty cycle < 2.0%. 
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EMITTER 
2.BASE 


TO-92 3. COLLECTOR 
ul MILLIMETERS | INCHES |, 7] 
| MIN. | MAX. | MIN. [Max NOTES 
[4.32015.330/1701210 
# ao7l 550101 6lozel 13 | 
bo | 407/ 482j{016/019| 3 
D 450/5200/1 75/205 
E 180/41 90] 125/165 
e 2.67 0|.095/ 105 
e 1.39 51.0451.055 
i 4320;1 35,1707 | 
L = {500} — 11,3 
ty 1270 050] 3 
te =—t350r = [37] 
Q — fais], — [2 
3 2.670] 080/105 


NOTES: 

1. THREE LEADS 

2.CONTOUR OF PACKAGE UNCONTROLLED OUTSIDE 
THIS SIDE. 

3. (THREE LEADS) ¢b2 APPLIES BETWEEN Ly AND La 
¢b APPLIES BETWEEN L2 AND 12.70 MM ( 800" ) 
FROM THE SEATING PLANE. DIAMETER !S UN- 
CONTROLLED INL, AND BEYOND !2.70MM (.500") 
FROM SEATING PLANE. 


MIN TYP MAX UNITS 
30 _ - Vde 
- — 100 nAdc 
= = 100 nAdc 
50,000 _ - 
75,000 - - 
20,000 - - 
40,000 _ - 
= 0.9 is Vde 
= 1.45 2.0 Vde 
100 125 = MHz 
— 2.5 - pF 
= 2.0 _ dB 


MPS-A65 | 
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& a i. < Ty, =1000 x ty rT 
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IB) VS. COLLECTOR CURRENT 
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Silicon 
Transistors 


ame GD Nad 


The MPS-A70 is a Planar Epitaxial PNP Transistor designed 
for general purpose amplifier applications. 


PNP Valves Are Negative: Observe Proper Polarity. 


absolute maximum ratings: (Ts = 25°C, unless otherwise specified) 


Voltages 
Collector to Emitter Vero 40 Volts eines 
Collector to Base Vcpo 40 Volts 2. BASE 
Emitter to Base VeEBO 4 Volts ieee bclcaiad 
sympo.|_MILLIMETERST INCHES J.-F] 
MIN. | MAX. | MIN. [MAX. 
Current A. 14320153 30/170[.210 
Collector Ik 100 mA $b | 407| 550[016|022| 13 
goo | 407/ 482/016[019| 3 
Dissipation $d {4.4 50/5200/175 205 seal] 
E (3.1 80/41 90|125/.165 
Total Power Ta < 25°C Py 350 mW 2.670 
Total Power Tc < 25°C Py 1.0 Watt 338 
Derate Factor Ta > 25°C 2.8 mW/°C 
Derate Factor Tc > 25°C 8.0 mW/°C 
Temperature 
i F + be NOTES: 
Operating Ty -55 to +150 af BES catiehie 
Junction Tstg-55 to +150 Cc 2.CONTOUR oF PACKAGE UNCONTROLLED OUTSIDE 
Ul ° ‘ 
Lead (1/16”" + 1/32” from TL +230 Cc 3.(THREE LEADS) $b2 APPLIES BETWEEN Ly AND Lo. 
case for 10 sec.) ¢b APPLIES BETWEEN Lo AND 12.70 MM (.500") 
: FROM THE SEATING PLANE. DIAMETER IS UN- 


CONTROLLED IN L, AND BEYOND [2.70 MM (.500") 
FROM SEATING PLANE. 


electrical characteristics: (1, = 25°C, unless otherwise specified) 


Static Characteristics SYMBOL MIN. MAX. UNITS 
Collector-Emitter Breakdown Voltage 

(Ic = 1.0mAdc, Ig = 0) BVcEo 40 — Vde 
Emitter-Base Breakdown Voltage 

(lp = 100 uAdc, Ic = 0) BVcEo 4.0 = Vdc 
Collector-Cutoff Current 

(Vcp = 30 Vdc, Ig = 0) Icgo a 100 nAdc 
DC Current Gain 

(Ic = 5.0mAdc, Ver = 10 Vdc) hrEe 40 400 - 
Collector-Emitter Saturation Voltage 

(Ic = 10 mAdc, Ig = 1.0mAdc) VcE(sat) - 0.25 Vdc 


Dynamic Characteristics 
Current-Gain-Bandwidth Product 


| (Ic = 5.0 mAdc, Vex = 10 Vde, f = 100 MHz) fy 125 = MHz 
Output Capacitance 
(Veg = 10 Vdc, Ip = 0, f = 100 kHz) Cs = 4.0 pF 
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Silicon 
Transistors 


The MPS3638 and MPS3638A are planar, epitaxial, passivated PNP silicon transistors ———— ny 
intended for general purpose applications. The units feature low collector saturation eae ee 
voltage, controlled current gain and excellent frequency response. 


absol ute maximum rati NQS: (T.:=25°C,unless otherwise specified) 


Voltages Ly | god! ob = a 
Collector to Emitter Vero —25V f Q eal | : 
. A L E> 
Emitter to Base Veso —4V SEATINGPLANE |. EMITTER 
ee 2. BASE 
Collector to Base Veso 25V #258: -S COLLESTOR 
Collector to Emitter Voces —25V MILLIMETERS |_INCHES 
Current ot Mecr MIN. | MAX. ‘gH MAX, INoTEs 
: ; 170/210 
Collector (steady state) Ic —3850mA - 74328 nad 4 16 £NS 13] 
Collector (peak, pulsed 10 usec, Te —T00mA. | F e ore Sool treteost— 
2% Duty Cycle) E [3180/41 90/125/ 165) | 
er e (241 0/26701.095/105 
Dissipation ey 1.1 50] 1.395/.0451.055 
j 3.430/4.320/1 35/170 
Total Power (Tc S 25°C) Pr 0.700 Watts : 2700; — [s500[ — [1,3 
Total Power (T, S 25°C) Pr 0.360 Watts ut = L270| — [050] 3 
° o t2 |6350) — [2501 - 1 3 
Derate Factor (Tc 2 25°C) 7.0 mW/°C [Qa je920/ — [i115] -| 2 
DerateFactor (T, = 25°C) 3.6 mW/°C S| 2030/2670] 080/105 
NOTES: 
Temperature 1. THREE LEADS 
ene = See eee 
‘ 3.(TH 2 
Operating Ts —65 to +125°C “0S applies SET WEEN Lp AND 12.70 MM 
Lead Soldering, 4,5” + Ugo” TL +260°C FROM THE SEATING PLANE. DIAMETER I: 
CONTROLLED IN Ly AND BEYOND 12.70M 
from case for 10 seconds max. FROM SEATING PLANE. 
electrical characteristics: (T,=25°C, unless otherwise specified) 
STATIC CHARACTERISTICS Symbol Min. Max. Units 
Collector-Base Breakdown Voltage 
(Ic = —100uA, In = 0) Vusrcao —25 Volts 
Collector-Emitter Breakdown Voltage 
(Ic = 10mA, Is = 0) Visrcxo* —25 Volts 
(Ic = 100uA Vax = 0) Vosrces —25 Volts 
Emitter-Base Breakdown Voltage 
(Iz = 10uA, Ic = 0) V sr) B0 —4 Volts 
Forward Current Transfer Ratio 
(Ic = —1mA, Vor = —10V) hre MPS3638A 80 
(Ic = —10mA, Vor = —10V) hrs* MPS3638 oe 
MPS3638A 100 
(Ic = —50mA, Vez = —1V) hee* hee $3638 20 70 (Typ.) 
MPS3638A 100 
(Ie = —300mA, Vee = —2V) hrs* ao oo 40 (Typ.) 
MPS3638A 20 50 (Typ.) 
Collector Saturation Voltage 
(Ic = —50mA, Iz = —2.5mA) Verwat * —.250 Volts 
(Ic = —300mA, Is = —30mA) Voegwatr * —1.0 Volts 
Base Saturation Voltage 
(Ic = —50mA, Inp= —2.5mA) Vaewat * —1.1 Volts 
(Ic = —300mA, Is = —30mA) Vax wat * —.80 —2.0 Volts 
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MPS3638, A 


STATIC CHARACTERISTICS (Continued) Symbol Min. Max. Units 
Collector Cutoff Current 
(Vee = —15V,V be = 0 Iczs —35 nA 
(Vos = —15V, Vae= 0, Ta = 100°C) Iczs —10 pA 


*Pulse conditions of 300 usec duration, 2% duty cycle 


DYNAMIC CHARACTERISTICS 


Forward Current Transfer Ratio 


MPS3638 25 
= ; =_ ae eae hte 
(Ic 10mA, Vee 10V,f kHz) t MPS3638A 100 
Input Impedance 
MPS3638 
I, =10mA, = —10V,f = 1kH hie 480 (Typ. 2000 h 
(Ic mA, Vor z) \ MPS3638A yp.) ohms 
Output Admittance 
MPS3638 
—s ave f- Doe 80 (Typ.) 1200 umhos 
(Ic =-10mA, Vee 10V, 1kHz) MPS3638A 
Reverse Voltage Transfer Ratio 
MPS3638 162 (Typ.) 2600 10° 
(Ic =-10mA, Vez = —10V, f= 1kHz) hre MPS3638A i 1500 107° 
Output Capacitance, common base 
(Vcs = —10V, f = 1MHz) Co 10 pF 
Input Capacitance, commen base 
(Vex = —0.5V, f = 1MHz) Cov 35 pF 
Gain bandwidth product 
(Vos = —8V, Ic =50mA) fr, 100 (Typ.) MHz 
Delay Time 
(Veo = —10V, Ic =-300mA, In: =-30mA, ta 20 nsec 
Vasetr. = +3.1V) (See Test Circuit) 
Rise Time 
(Veo = —10V, Ic =-800mA, Is: =-30mA, tr 70 nsec 
Varcorn = +8.1V) (See Test Circuit) 
Turn-on Time 
(Io =-300mA, In =-30mA) ton 75 nsec 
(See Test Circuit) 
Storage Time 
(Veco = —10V, Ic =-800mA, Is: =-30mA, Ine = 30mA) te 140 nsec 
(See Test Circuit) 
Fall Time 
(Vee = —10V, Ic =300mA, In =-30mA, Ise = 380mA) tr 70 nsec 
(See Test Circuit) 
Turn-off Time 
(Io =-300mA, In: =-30mA, In2 = 30mA) tors 170 nsec 


(See Test Circuit) 


Vep*t3-1V Voc *-10V 


300 
1K2 TO SAMPLING SCOPE 
K ty <Lonsec. 
Lopf 1702 r<! 
ae Zin 200K 
602 

VIN= - 9.0V 
tr, te<6.onsec 
Zin 2500 st ad 


PULSE WIDTH = 0.54:S€C 
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Silicon = [— [| 
Transistors MPS3702,3 


The General Electric MPS3702 and MPS3703 are silicon, PNP planar, epitaxial, pas- 
sivated transistors, designed for general audio frequency applications and linear ampli- 
fiers. For complimentary NPN types see MPS3704, MPS3705 and MPS3706 specification. | 


Voltage and current valves for PNP are negative, observe proper bias polarity. 


| 
absolute maximum ratings: (Ta =25°C unless otherwise specified) a 


(.EMITTER 
2, BASE 


Gale MPS3702 MPS3703 TO-92 3. COLLECTOR 

oltages MILLIMETE 

Collector to Emitter Vceo 25 30 Volts sno Tee AN eS lnores 

Collector to Base Vcso 40 50 Volts A [4320/5.330] 170/210] 

Emitter to Base VEBO 5 5 Volts set 88 e{o sles 

D14450/5200|1 751205 

Feet: le 700 te t © 3.180141 90/1 251 65 
Dissipation <1 

Total Power Tyg S 25°C Py —— 350 Watts ey 

Total Power To = 25°C Pr —— 1.0 Watts 

Derate Factor T, > 25°C —_— 2.8 ——__- mW/°C 

Derate Factor T. >25°C ——_ 8 —— mW/°C 
Temperature NOTES: 

: 1. THREE LEADS 
Soria and Operating Tae. by -55 to + 150 °C 2.CONTOUR OF PACKAGE UNCONTROLLED OUTSIL 
ee ii from Ty +260 °C 3.(THREE LEADS) #b2 APPLIES BETWEEN Ly AND Lp 


¢b APPLIES BETWEEN La AND 12.70 MM (.5C 
FROM THE SEATING PLANE. DIAMETER IS Ut 
CONTROLLED IN L, AND BEYOND 12. 70MM: 
FROM SEATING PLANE. 


electrical characteristics: (1, =25°C unless otherwise specified) 


MPS3702 MPS3703 

STATIC CHARACTERISTICS Symbol Min. Max. Min. Max. Units 
Collector-emitter breakdown voltage 

(Ic = 10mA, Ig = 0) V (BR)CEO* 25 30 Volts 
Collector-base breakdown voltage 

(Ic = 100uA, I; = 0) V(BR)CBO 40 50 Volts 
Emitter-base breakdown voltage 

(Ie = 100uA, Ik = 0) V(BR)EBO 5 5 Volts 
Collector cutott current 

(Vcp = 20V, Ig = 0) IcBo 100 100 nA 
Emitter-base reverse current 

(VeEB = 3V, Ic = 0) IEBo 100 100 nA 
Forward current transfer ratio 

(Vce = SV, Io = 50mA) hres 60 300 30 150 
Collector-emitter saturation voltage 

(Ic = 50mA, Ig = 5mA) V cesar 25 25 Volts 
Base-emitter voltage 

(Vce =5V, I, = 50mA) V BE(on)* 6 1 6 1 Volts 
DYNAMIC CHARACTERISTICS 
Collector-base capacitance 

(Vcp = 10V, Ie = 0, f = IMHz) Con 12 12 pf 
Current Gain-Bandwidth Product 

(Vce =5V, Ic = 50mA, f = 20MHz) fy 100 100 MHz 


*Pulse Conditions: Pulse Width < 300 pS and duty cycle < 2% 
60 
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MPS3702, 3 


TYPICAL CHARACTERISTIC CURVES 
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BASE-EMITTER SATURATION VOLTAGE 
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COLLECTOR-EMITTER SATURATION 
VOLTAGE VS. COLLECTOR CURRENT 
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Silicon 
Transistors 


The General Electric MPS3704, MPS3705 and MPS3706 are silicon NPN planar, epi- p= 


taxial, passivated transistors designed for general audio frequency applications and linear 
amplifiers. For complimentary PNP types see MPS3702 and MPS3703 specifications. 


absolute maximum ratingS: (1, = 25°C unless otherwise specified) 


a we 
— 
MANES: 
MPS3704 | Spee E 
MPS3705 MPS3706 A L E 
Voltages SEATINGPLANE, ‘|. EMITTER 


Collector to Emitter VcEo 30 20 Volts 9 2. BASE 
ee ae ay 2 Volts aCUMETERS me 
Emitter to Base VERO 5 5 Volts win | MAX MIN. 
5.3 30/170]. 
Current 
Collector Ic —— 600 mA 
Dissipation 
Total Power T, S 25°C P+ ——\ 3350 ——-—— Watts 
Total Power Tc S 25°C Pr —— 1.0 ——— Watts 
Derate Factor Ta > 25°C —— 28 —— mW/°C 
Derate Factor Tc > 25°C —— 3.0 — mW/°C 
Temesraire S " oe oC pti 
Storage and Operating Tsro, Ty -55 to + 1. THREE LEADS 
Lead (1/16” + 1/32” from 2.CONTOUR oF PACKAGE UNCONTROLLED OUTSID 
case for 10 sec.) T, +260 °C 3. (THREE LEADS) ¢b2 APPLIES BETWEEN Ly AND Lo 


¢b APPLIES BETWEEN Lo AND 12.70 MM (.50 
FROM THE SEATING PLANE. DIAMETER IS UN 
CONTROLLED INL, AND BEYOND |2.70MM(5 
FROM SEATING PLANE. 


electrical characteristics: (Ta, = 25°C unless otherwise specified) 
MPS3704 MPS3705 MPS3706 


STATIC CHARACTERISTICS Symbol Min. Max. Min. Max. Min. Max. Units 
Coliector-Emitter Breakdown Voltage 
(Ic = 10mA, Ig = 0) VBR)CEO* 30 30 20 Volts 


Collector-Base Breakdown Voltage 
(Ic = 100 uA, Ig = 0) 

Emitter-Base Breakdown Voltage Vv 5 5 5 Volts 
(Iz = 100A, Ic = 0) ae 

Collector Cutoff Current 


Nahas 50 50 40 Volts 


(Vcp = 20V,I_ =0) IcBo 100 100 100 nA 
Emitter-Base Reverse Current 

(Ves =3 V,Ic = 0) TEBo 100 100 100 nA 
Forward Current Transfer Ratio 

(Vce =2V,Ic = SOmA) hres 100 300 50 150 30 600 
Collector-Emitter Saturation Voltage 

(Ic = 100mA, Ip = SmA) VocEsaT* 6 8 1 Volts 
Base-Emitter Voltage 

(Vce =2V,Ic = 100mA) V BE(ON)* 5 1 5 1 5 1 Volts 


DYNAMIC CHARACTERISTICS 
Collector-Base Capacitance 


(Ven = 10V,Ie =0,f = I1MHz) Cor 12 12 12 pf 
Current Gain-Bandwidth Product 
(Vce =2V,Ic = 50mA, f = 20MHz) fy 100 100 100 MHz 


*Pulse Conditions: Pulse Width S 300 us ana duty cycle S 2% 
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FE - FORWARD CURRENT TRANSFER RATIO 


MPS3704, 05, 06 


TYPICAL CHARACTERISTIC CURVES 
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COLLECTOR CHARACTERISTICS 
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Silicon 
Transistors 


|MPS5172 |MPS6076 


The General Electric MPS5172 and MPS6076 transistors are 1 | 
designed for general purpose applications. The planar, passi- ; = ics a 
vated construction assures excellent device stability and life. ae = + 


This high performance and high value is made possible by ; goo $b x i 
advanced manufacturing techniques, epoxy encapsulation and |_k : i _| - s 
utilization of full line beta distribution. Significant savings A L E 

may be realized by designing equipment utilizing these “full SEATING PLANE 3, COLLECTOR 

line distribution” type transistors. To-92 1.EMITTER 


; . [_MILLIMETERS| INCHES 
absolute maximum ratings: (T, = 25°C unless otherwise specified) [SYMBOL win, “[-MAX._| MIN, [MAx, NOTES 
Volt A [4320/5330/i170[.210| | 
oltages ; b | 407] 550/01 6/022| 1,3 
Collector to Emitter Vero 25 Volts Me 407/ 482ioléloisl 3 
D_ |4450/5200]1 75/205 
Collector to Base Vepo 25 Volts [E131 8041 90/12 5t168 
Emitter to Base VERO 5 Volts e [2.41 0[2.67 01.095] 105) 
ey Tit 50] 1.3951.045/055 
Current ] [3430/4 320/1 35}.170 
Collector (Steady-State)} Io 100 mA Lfz7ool — [soo] — [71,3 
Dissipation ti | = [terol = [05 O| 3 
Total Power Ta <25°CHH Py 360 mW 6 eee et = 3 
Temperature s 2.030[2.670|080 108, | 
° 
Storage Tstg -SSto+150 ¢ EERE Cees 
, 7 ; 
ee aang beehe Ty +125 C 2.CONTOUR OF PACKAGE UNCONTROLLED OUTSIDE 
a ¢ fo) + ° H E. 
Lead (1/ /32° from T, 260 Cc 3.(THREE LEADS) $b2 APPLIES BETWEEN Ly AND Lo. 
case for 10 sec. max.) ¢b APPLIES BETWEEN Lo AND I2.70 MM (.500") 
{Determined from power limitations due to saturation voltage at this FROM THE SEATING PLANE. DIAMETER IS UN~ 
current. CONTROLLED IN L, AND BEYOND I2. 70MM (500") 


+} Derate 3.6 mW/°C increase in ambient temperature above 25°C. FROM SEATING PLANE. 


electrical characteristics: (T, = 25°C unless otherwise specified) 


Static Characteristics SYMBOL MIN. MAX. UNITS 
Collector Cutoff Current 

(Veg = 25V) Icgo = 100 nA 

(Veg = 25V; Ta = 100°C) Icpo - 10 LA 

(Vcp = 25V) IcEs - 100 nA 
Emitter Cutoff Current 

(VER = 5V) = MPSS172 IgBo _ 100 nA 

(Veg = 3V) - MPS6076 Igpo _ 100 nA 
Forward Current Transfer Ratio 

(Vcr = 10V, Ic = 10 mA) ther 100 500 
Collector-Emitter Breakdown Voltage 

(Ic = 10 mA) Vipr)CcEO 25 = Volts 
Collector Saturation Voltage 

(Ic = 10 mA, Ip = 1 mA) VcE(sat) = 25 Volts 
Base Saturation Voltage 

(Ic = 10 mA, Ip = 1 mA) VBE(sat) 7 80 Volts 
Base Emitter Voltage) 

(VcE = 10V, Ic = 10 mA) VBE 0.5 1.2 Volts 


Dynamic Characteristics 
Forward Current Transfer Ratio 


(Vcr = 10V, Ic =10 mA, f= 1 kHz) hge 100 750 
Output Capacitance, Common Base 
(Vcp = 10V, Ip = 0, f = 1 MHz) Cob 1.0 13 pF 
Gain Bandwidth Product 
(Veg = SV, Ic = 2mA) fy (Typical 200) MHz 
Typically a minimum of 50% of the distribution will have hrg > 150 at stated conditions. Note: Polarities are Absolute. 
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electrical characteristics: (Ta = = 25°C unless otherwise specified) 


Silicon 


Transistors 


These Silicon Planar Epitaxial Passivated Complementary Tran- 
sistors are designed for general purpose amplifier applications. 
Polarities are absolute, observe PNP/NPN polarity. 


absolute maximum ratings: (T, = 25°C unless otherwise specified) 


Voltages 
Collector to Emitter 
MPS6512, 13 Vero 
MPS6514, 15 VcEo 
MPS6516, 17, 18 VcEo 
MPS6519 Vcro 
Collector to Base 
MPS6512, 13, 14, 15 Vcpo 
MPS6516, 17, 18 VcBo 
MPS6519 VcBo 
Emitter to Base VEBO 
Current 
Collector Ic 
Dissipation 
Total Power Ta < 25°C Pr 
Total Power Tc < 25°C Pr 


Derating Factor Ta > 25°C 


Derating Factor Tc > 25°C 
Temperature 

Operating Ty 
Storage Tstc¢ 
Lead (1/16” + 1/32” from TL 


case for 10 sec.) 


Static Characteristics 
Collector-Emitter Breakdown Voltage 
(Ic = .5mA, Ip = 0) MPS6512, 13 
MPS6514, 15 
Emitter-Base Breakdown Voltage 
(ip = 10uA, Ic = 0) 
Collector Cutoff Current 
(VcB = 30V, In = 0) 
(Vcz = 30V, Ig = 0, Ta = = 60° C) 


NPN PNP 
30 e 
25 - 
= 40 
= 25 
40 Pa 
= 40 
= 25 

4 4 

100 100 

350 350 
1 1 
2.8 2.8 
8 8 


-55°C to +150°C 
-55°C to +150°C 


260°C 


UNITS 


Volts 
Volts 
Volts 
Volts 


Volts 
Volts 
Volts 


Volts 


mA 


MPS6512 Thru MPS6515 (NPN) 
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SYMBOL 


V(BR)CEO 
V(BR)CEO 


ViBR)EBO 


IcBo 


Icgo 


D 
a sje _#£ 
—F [F 
ty a 
tet s 
re 
= t; we 


2. BASE 
TO-92 3. COLLECTOR 


+ 


MILLIMETERS | INCHES | 
~_UMIN, [Max [NOTES 
4320153301 170/210) 
407] 550/016/022| 1,3 
407 48 orslole 3 
‘205! 


NOTES: 

1. THREE LEADS 

Cee ge PACKAGE UNCONTROLLED OUTSIDE 

HIS S! 

3.(THREE LEADS) ¢b2 APPLIES BETWEEN Ly AND Lo. 
g¢b APPLIES BETWEEN Lo AND 12.70 MM (.500") 
FROM THE SEATING PLANE. DIAMETER IS UN- 
CONTROLLED INL, AND BEYOND !2.70MM (.500") 
FROM SEATING PLANE. 


MIN. MAX. UNITS 
30 _ Volts 
25 — Volts 

4 =) Volts 
— 50 nA 
1 LA 


MPS6512-MPS6515 
MPS6516-MPS6519 


Static Characteristics (continued) 
Forward Current Transfer Ratio 
(ic = 2mA, Veg = 10V) 
MPS6512 
MPS6513 
MPS6514 
MPS6515 
(Ic = 100mA, Vox = 10V) 
MPS6512 
MPS6513 
MPS6514 
MPS6515 


Collector-Emitter Saturation Voltage 
(Ic = 50mA, Ip = 5mA) 


Dynamic Characteristics 
Current Gain, Bandwidth Product 
(ic = 2mA, VcE = 10V, f = 100 MHz) 
MPS6512, 13 
MPS6514, 15 
(ic = 10mA, Veg = 10V, f = 100 MHz) 
MPS6512, 13 
MPS6514, 15 


Collector-Base Capacitance 
(Veg = 10V, Ip = 0, f = 100 kHz) 

Noise Figure 
(Ic = 10uA, Vox = 5V, Rs = 10K Ohms, 
BW = 15.7 kHz, f = 10 Hz to 10 kHz) 


SYMBOL 


hrg 
hrg 
here 
hre 


thre 
thre 
Thre 
thre 


tVcE(sat) 
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MPS6512 Thru MPS6515 (NPN) 
MIN. 


250 


TYP. 


MAX. 


100 
180 
300 
500 


UNITS 


Volts 


MHz 


pF 


dB 


MPS6515 Thru MPS6519 (PNP) 
SYMBOL 


Static Characteristics 
Collector-Emitter Breakdown Voltage 
(Ic = .SmA, Ip = 0) 
MPS6516, 17, 18 
MPS6519 


Emitter-Base Breakdown Voltage 
(Ip = 10uA, Ic = 0) 


Collector Cutoff Current 

(Vcop = 30V, Ig = 0) 
MPS6516, 17, 18 

(Vcr = 20V, Ik a 0) 
MPS6519 

(Vcp = 30V, Ig = 0, Ta = 60°C) 
MPS6516, 17, 18 

(Vos = 20V, Ip = 0, Ta = 60°C) 
MPS6519 

Forward Current Transfer Ratio 

(Ic = 2mA, VcE = 10V) 
MPS6516 
MPS6517 
MPS6518 
MPS6519 

(Ic = 100mA, VcE = 10V) 
MPS6516 
MPS6517 
MPS6518 
MPS6519 


Collector-Emitter Saturation Voltage 
(Ic = 50mA, Ip = 5 mA) 


Dynamic Characteristics 
Current Gain Bandwidth Product 
(Ic = 2mA, Vcr = 10V, f = 100 MHz) 
MPS6516, 17 
MPS6518, 19 
(Ic = 10mA, Vor = 10V, f = 100 MHz) 
MPS6516, 17 
MPS6518, 19 


Collector-Base Capacitance 
(Vep = 10V, Ig = 0, f = 100 KHz) 
Noise Figure 
(ic = 10KA, Veg = 5V, Rs = 10KQ 
BW = 15.7kHz, f = 10Hz to 10kHz) 


+Pulse Width < 300us, Duty Cycle < 2%. 


ViBR)CEO 
V(BR)CEO 


V(BR)EBO 


IcBo 
IcBo 
logo 


IcBo 


hre 
hrg 
hre 
hre 


thre 
thre 
thre 
thre 


T+ VcE(sat) 
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MIN. 


40 
25 


150 
250 


TYP. 


MPS6512-MPS6515 


MAX. 


50 


50 


MPS6516-MPS6519 


UNITS 


Volts 
Volts 


Volts 


nA 
nA 
pA 


LA 


Volts 


MHz 


pF 


dB 


Silicon 
Transistors 


The MPS6530, MPS6531 and MPS6532 are silicon planar epitaxial passi- 
vated NPN transistors designed for general purpose switching and amplifier 


applications. 


absolute maximum ratings: (T, = 25°C unless otherwise specified) 


Voltages MPS6530 & 31 MPS6532 
Collector to Emitter VcEo 40 30 
Collector to Base VcBo 60 50 
Emitter to Base VeRo 5 5 

Current 
Collector Ic 600 600 

Dissipation 
Total Power Ta < 25°C Py 350 350 
Total Power Tc < 25°C Py 1.0 1.0 
Derate Factor T, > 25°C 2.80 2.80 
Derate Factor Tc > 25°C 8.0 8.0 

Temperature 
Operating Ty -55°C to +150°C 
Storage Tstc -55°C to +150°C 
Lead (1/16" + 1/32” from Ty, +230°C 


case for 10 sec.) 


Volts 
Volts 
Volts 


mA 


m Watts 
Watts 
mW/°C 
mw/°C 


TO-92 3 COLLECTOR 
MILLIMETERS | INCHES 
aa [MAX. nores| 


NOTES: 

1. THREE LEADS 

2. ee OF PACKAGE UNCONTROLLED OUTS! 
SIDE. 


3. (THREE LEADS) ¢b2 APPLIES BETWEEN Ly AND L: 
$b APPLIES BETWEEN Lo AND 12.70 MM (.5 
FROM THE SEATING PLANE. DIAMETER IS 
CONTROLLED INL, AND BEYOND 12.70 MM ( 
FROM SEATING PLANE. 


—_——_—_—— er TOT a a Sn mw mw ee em ee ee ee ee ee ee ee eee ee 


electrical characteristics: (T, = 25°C unless otherwise specified) 


Static Characteristics 
Collector-Emitter Breakdown Voltage 


(Uc = 10mA, Ig = 0) — MPS6530, MPS6531 

(Ic = 10mA, VBE = 0) — MPS6532 
Collector-Base Breakdown Voltage 

(ic = 10uA, Ip = 0) — MPS6530, MPS6531 

(Ic = 10uA, Ig = 0) — GPS6532 


Emitter-Base Breakdown Voltage 
(Ip = 10uA, Ic = 0) 
Collector Cutoff Current 


(Vcp = 40V, Ig = 0) — MPS6530, MPS6531 


(Vcg = 30V, Ip = 0) — MPS6532 


(Vcp = 40V, Ig = 0, Ta = 60°C) — MPS6530, MPS6531 


(Vcp = 30V, In = 0 T, = 60°C) — MPS6532 


Emitter-Base Reverse Current 
(Ve = 4V, Ic = 0) 
Forward Current Transfer Ratio 


(Vcp = 1V,Ic = 10mA) — MPS6530 
(Vce = 1V,Ic = 10mA) — MPS6531 
} (Vez = 1V, Ic = 100mA) — MPS6530 
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SYMBOL 


V(BR)CEO 
V(BR)CEO 


V(BR)CBO 
ViBR)CBO 


V(BR)EBO 


Icgo 
IcBo 
IcBo 
IcBo 


ERO 


hre 
hfe 
Thpp 


MIN MAX. UNITS 
40 = Volts 
30 _ Volts 
60 _ Volts 
50 _ Volts 

5 _ Volts 
= 50 nA 
— 100 nA 
— 2 UA 
— 5 vA 
~ 100 nA 

30 — 
60 — 
40 120 


Static Characteristics (continued) 
Forward Current Transfer Ratio (continued) 


(Veg = 1V, Ic = 100mA) — MPS6531 
(Vcr = 1V, Ic = 100mA) — MPS6532 
(Vo = 10V, Ic = 500mA) — MPS6530 
(Vox = 10V, Ic = 500mA) — MPS6531 


Collector-Emitter Saturation Voltage 
(Ic = 100mA, Ip 10mA) 
(Ic = 100mA, Ip 10mA) 
Base-Emitter Saturation Voltage 
(Ic = 100mA, Ig = 10mA) 
(Ic = 100mA, Iz = 10mA) 


Dynamic Characteristics 
Collector-Base Capacitance 
(Vos = 10V, lg = o,f r=, 1 MHz) 


+Pulse width < 300 psec., Duty Cycle < 2%. 


— MPS6531 


— MPS6532 


— MPS6530, MPS6532 


— MPS6530, MPS6531 
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SYMBOL 


thre 
thre 
thre 
Thre 


Vex (sat) 
Vex (sat) 


VcK(sat) 
VR (sat) 


Coy 


MPS6530, MPS6531, MPS6532 


MIN. MAX. UNITS 

90 270 

30 - 

25 — 

50 = 

— 5 Volts 
— 3 Volts 
- i Volts 
— 1.2 Volts 
= 5 pF 


Silicon 
Transistors 


The MPS6533, MPS6534 and MPS6535 are silicon planar epitaxial passivated 

PNP transistors designed for general purpose switching and amplifier appli- 2 
cations. Voltage and current values for PNP are negative: observe proper EE 
bias polarity. 


absolute maximum ratings: (T, = 25°C unless otherwise specified) 


I t 
l @ ies 
Voltages MPS6533 & 34. = MPS6535 a gb <a 
Collector to Emitter VcEo 40 30 Volts Fd lel - fs 
—+ 
Collector to Base VcBo 40 30 Volts EATINGPLANE =|. EMITTER 
: 2.BA 
Emitter to Base VEBO 4 4 Volts TO-92 3, ieee 
— Det Wha 
Current a MINT Ha an Hae NOTES 
Collector Ic 600 600 mA L é 44328 53 39 17.91.2190 = 
ears be | 407] 482lol6lols) 3 
Dissipation 0 [4450|5200|1 751205) —] 
2 E [3180/41 90/125/165) 
Total Power Ta < 25°C Py 350 350 =m Watts e241 012.67 0[ 0981165) 
Total Power To < 25°C Py 1.0 1.0 Watts “Ti 50) 39 sto4as{ossi 
Derate Factor T, > 25°C 2.8 2.8 mwW/°C jp -te4s ola s20lr ssi trol 
A A 2 L eTOO [500 3 
uy = [re7rol - [650 3 
Derate Factor Tce > 25°C 8.0 8.0 mW/°C L ttesss tse aft 3 
Q [2.920 | 2 
Temperature : L_§ [2030/2 676[C 
Operating Ty -55°C to +150°C °C NOTES: 
° 1. THREE LEADS 
Storage , ‘ Tstc 55°C tot 50°C “C 2.CONTOUR OF PACKAGE UNCONTROLLED OUTSI 
THIS SIDE. 
Lead (1/16" + 1/32" from Ty +230°C Cc 3. (THREE LEADS) $b2 APPLIES BETWEEN Ly AND Lo 
case for 10 sec.) $b APPLIES BETWEEN L2 AND 12.70 MM (.5¢ 


FROM THE SEATING PLANE. DIAMETER IS UI 
CONTROLLED IN Ly ANO BEYOND !2.70MM(. 
FROM SEATING PLANE. 


electrical characteristics: (T, = 25°C unless otherwise specified) 


Static Characteristics SYMBOL MIN. MAX. UNITS 
Collector-Emitter Breakdown Voltage 

(Ic = 10mA, Ig = 0) — MPS6533, MPS6534 V(BR)CEO 40 — Volts 

(Ic = 10mA, Vpg = 0) — MPS6535 V(BR)CEO 30 - Volts 
Collector-Base Breakdown Voltage 

(Ic = 10uA, I; = 0) — MPS6533, MPS6534 ViBR)CBO 40 = Volts 

(Ic = 10uA, Ip = 0) — MPS6535 V(BR)CBO 30 — Voits 
Emitter-Base Breakdown Voltage 

(Ig = 10uA, Ic = 0) V(BR)EBO 4 = Volts 
Collector Cutoff Current 

(Ves = 30V, Ig = 0) — MPS6533, MPS6534 fens re 50 ae 

(Vcp = 20V, Ig = 0) — MPS6535 Icpo a 100 nA 

(Vcp = 30V, Ig = 0, Ta = 60°C) — MPS6533, MPS6534 Icpo = 2 uA 

(Veg = 20V, Ip = 0, Ta = 60°C) — MPS6535 IoBo = 5 MA 
Emitter-Base Reverse Current 

(Ven = 3V, Ic = 0) leBo — 100 nA 
Forward Current Transfer Ratio 

(Vcr = IV, Ic = 10mA) — MPS6533 her 30 = 

(Vee = 1V,Ic = 10mA) — MPS6534 hyg 60 mK 

(Vce = 1V, Ic = 100mA) — MPS6533 thre 40 120 
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Static Characteristics (continued) 
Forward Current Transfer Ratio (continued) 


(Vce = 1V, Ic = 100mA) — MPS6534 
(Vez = 1V, Ic = 100mA) — MPS6535 
(Vcr = 10V, I¢ = 500mA) — MPS6533 
(Vcr = 10V, Ic = 500mA) — MPS6534 


Collector-Emitter Saturation Voltage 
(ic = 100mA, Ip = 10mA) — MPS6533, MPS6535 
(Ic = 100mA, Ip = 10mA) — MPS6534 
Base-Emitter Saturation Voltage 
(Ic = 100mA, Ip = 10mA) — MPS, MPS6533, MPS6534 
(Ic = 100mA, Ip = 10mA) — MPS6535 
Dynamic Characteristics 
Collector-Base Capacitance 
(Vcg = 10V, Ig = O,f = 1 MHz) 


+Pulse width < 300 usec., Duty Cycle < 2%. 


1371 


SYMBOL 


thre 
thre 
thre 
thre 


+VcE(sat) 
+ VcKR(sat) 


+ VpE(sat) 
tT VeE (at) 


Cop 


MIN. 


MPS6533, MPS6534, MPS6535 


UNITS 


Volts 


Volts 
Volts 


pF 


Silicon 
Transistors 


The General Electric MPS6565 and MPS6566 are Silicon 

Planar Epitaxial Passivated NPN Transistors designed for gen- 

eral purpose amplifier applications. 

absolute maximum ratings: (T, = 25°C unless otherwise specified) 
Voltages 


SEATING PLANE 

Collector to Emitter VcEO 45 Volts TO-92 CUTS 

Collector to Base VcBo 60 Volts lsymBoul MILLIMETERS NGHES Napes! 3. COLLECTOR 

Emitter to Base VEBO 4.0 Volts E A143 2018.3 30/170].210) | 
Current b | 407! 55 0)01 6022) 1,3 

be | 407] 482[Oi6folrol 3 | 

Collector Io 200 mA [| ¢b [4450/6200] 175].205| | 

Dissipation E [3.1 80/41 90].125[1 65] | 
e 1241 0/267 01.095[105 

Total Power Ty, < 25°C Py 350 mW (81 {hi Sol 1.395/045{058) 

Derating Factor Tq > 25°C Py 2.8 mWw/°C [i ereor {20 =e oF 

Total Power Te < 25°C Prosi Watt Le tessa eer ft SI 

Derating Factor Tc > 25°C — Py 8.0 mWw/°C 2.920| — [115] -— 1. 
Temperature s_ [2.030] 267 0{ 080] 105] 

: NOTES: 
Operating Ty -55to+150 °C 1. THREE LEADS sie aaeae 
ROLLED 
Storage Tstg “55 to +150 °C coos OF aps UNCONTI . E| a 
" " ° 3.(THREE LEADS) ¢b2 APPLIES BETWEEN Ly A : 
Lead (1/16" + 1/32” from Ty 260 Cc $b APPLIES See WEEN Lo AND I2.70 MM (.500") 
Case for 10 Sec.) FROM THE SEATING PLANE. DIAMETER IS UN- 


CONTROLLED IN L, AND BEYOND 12, 70 MM (.500") 
FROM SEATING PLANE. 


electrical characteristics: (T A = 25°C unless otherwise specified) 


Static Characteristics SYMBOL MIN. MAX. UNITS 
Collector-Emitter Breakdown Voltage 

(Ic = I mA, Ip = 0) tVpr)cEO 4$ _ Volts 
Collector-Base Breakdown Voltage 

(Ic = 100 MA, Ig = 0) V(BR)CBO 60 = Volts 
Emitter-Base Breakdown Voltage 

(lg = 100 WA, Ic = 0) V(BR)EBO 4 = Volts 
Collector Cutoff Current 

(Veg = 30V, Ip = 0) leno = 100 nA 
Forward Current Transfer Ratio 

(Ic = 10mA, Vop = 10V) — MPS6565 thre 40 160 

- MPS6566 ther 100 400 


Collector-Emitter Saturation Voltage 

(Ic = 10 mA, Ip = 1 mA) Tt VcK(sat) ~ 4 Volts 
Dynamic Characteristics 
Collector-Base Capacitance 


(Vcp = 10V, Ip = 0, f = 100 KHz) Cop — 3.5 pF 
Emitter-Base Capacitance 
(Vpr = -5V, Ic = 0, f = 100 KHz) Cip 3.7 Typ. — pF 
Magnitude of Forward Current Transfer Ratio 
(Ic =10 mA, Vor = 10V, f = 100 MHz) hge 2 = 
Hybrid Parameters 
(Ic = 10mA, Vog = 10V, f = 1 KHz) hoe 60 — umhos 
hie 500 —- Ohms 
hre Typical { 2.5 Si X104 | 


Noise Figure 

(Ic = 100 WA, Vor = SV, R, = 1K Ohms, NF 4 _ dB | 
f= 10 Hz to 15.7 KHz) 

fPulse width < 300 us, duty cycle < 2%, 1372 | 


MPS6565, MPS6566 


1000 ooo oro tooo; 
rr 


eh eT 
i ae 


100 — a ee 
- aS oe a 


Hee -FOWARD CURRENT TRANSFER RATIO 
— FORWARD CURRENT TRANSFER RATIO 


PY 
= 
ea x 
Pete . 
FAHEE | 
a 10 100 4 ' 10 100 
Ig COLLECTOR CURRENT — mA T_- COLLECTOR CURRENT -mA 
FORWARD CURRENT TRANSFER RATIO FORWARD CURRENT TRANSFER RATIO 
VS. COLLECTOR CURRENT VS. COLLECTOR CURRENT 
4 
(ee a GT TMT TT TT weseses| | 


taeeseel {HIT || MPS6566 


|__| 
CT PT 
FE a A 
[TT [Tlieoma firsomal[T] Yrertooma [Tl] | 


eases 


Vce-COLLECTOR EMITTER SATURATION VOLTAGE ~ VOLTS 


co ey 7 
ae a a 
! ! Le) 20 
I¢- COLLECTOR CURRENT — sae . 1_— BASE CURRENT ~mA 
BASE EMITTER SATURATION VOLTAGE COLLECTOR EMITTER SATURATION VOLTAGE 
VS. COLLECTOR CURRENT VS. BASE CURRENT 


Veetsaty COLLECTOR EMITTER SATURATION VOLTAGE ~VOLTS 


I -COLLECTOR CURRENT ~ mA I¢ -COLLECTOR CURRENT —mA 


COLLECTOR EMITTER SATURATION VOLTAGE COLLECTOR EMITTER SATURATION VOLTAGE 
VS. COLLECTOR CURRENT VS. COLLECTOR CURRENT 


1373 


POWER-TAB™ 


TRIAC SC116 


Bi-Directional Triode Thyristor 
8RMS Up to 600 Volts 


The triac is a silicon AC switch which may be gate triggered from an Off-State to an On-State 
from either polarity of applied voltage. The SC116 is a POWER-TAB™ Molded Silicone Encap- 
sulated Triac. It incorporates General Electric’s patented POWER GLAST™ process that improves 
upon normal passivation techniques. It provides an intimate bond between the silicon chip and 
the glass coating. The resulting stable, low-level leakage current provides excellent performance 
and demonstrated reliability. 


FEATURES: 


100 Ampere Peak, one cycle surge rating with the economy of a TO-202 package. JEDEC TO- 202AB 
POWER GLAS™ passivated silicon chip for maximum reliability. 

Very low Off-State (leakage) current at room and elevated temperatures. 

Inherent immunity from non-repetitive transient voltage damage (maximum critical rate-of- 

tise of On-State current subsequent to voltage breakdown triggering, di/dt = 10 A/usec.). 

Low On-State Voltage at high current level. 

Excellent surge current capability. 

Special selection for non-standard gate requirements available upon request. 

Rugged, industry-proven POWER-TAB™ packaging. 

Various lead forming configurations available upon request. 


e @ @ @ 


MAXIMUM ALLOWABLE RATINGS 


RMS ON-STATE REPETITIVE PEAK PEAK ONE FULL It FOR FUSING 
CURRENT OFF-STATE VOLTAGE SURGE (NON- FOR TIMES AT (3) 
eh ay ee ON-STATE CU 
IT(RMS) Vorm : 
(RMS AMPERE) 
SECONDS, 8.3 
MILLISECONDS 


SC116 


Peak Gate Power Dissipation, Pgg@ . 20... 000 ccc cece eee eeeee. 10 Watts for 10 Microseconds 
Average Gate Power Dissipation, PAWS! derecio sh ck Go ntnce 2b hh tae ale td cattnerhe Heya a ok ik Belts ck bite ed 0.5 Watts 
Slorage Temperature, sige iia re 68 egret way nsee aca sao ea Vuong booked GB abn bible, -40°C to +150°C 
Operatinie "Temperstive Tyee cau eid. 4 soe S icy du guPealw b Secen Sok Sa leah las BM ee ok bake -40°C to +100°C 
NOTES: 


1, At case temperature reference point temperature of 35°C maximum and 360°C conduction. 

2. Ratings apply for zero gate voltage only. Ratings apply for either polarity of main terminal 2 voltage referenced to main terminal 1. 
3. Ratings apply for either polarity of main terminal 2 referenced to main terminal 1. 

4, Ratings apply for either polarity of gate terminal referenced to main terminal 1. 
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CHARACTERISTICS 


TEST CONDITIONS 


Repetitive Peak Off- 
State Current 


Vopr = Max. Allowable Repetitive 
Peak Off-State Voltage Rating 
Gate Open Circuited. 
To =+ 25°C 


To = +25 C, lym =! msec. Wide pulse, 
duty cycle <2%. Ipyy = 11.5 A peak. 


Tc = +100°C, Rated VprM- Gate 
Open Circuited. Exponential Voltage 
Waveform. 


Critical Rate-of-Rise of 
Off-State Voltage (High- 
er values may cause de- 
vice switching.) 
Critical Rate-of-Rise of 
Commutating Off-State 
Voltage (Commutating 
dv/dt) 


Tc = 35 C, Ty(rMs) = Rated Max. 
Allowable RMS On-State Current 
Vprm = Max. Rated Peak Off-State 
Voltage. Gate Open Circuited. 

Commutating di/dt = 4.3 A/msec. 


mAdc Vp = 12 Vde 
TRIGGER MODE 


MT2+ Gatet+ 


DC Gate Trigger Current 


DC Gate Trigger Voltage 


MT2-— Gate— |100 Ohms 


Vet 
pe asd 
ae 
p= | - | 3s | MT2— Gate— 40°C 
Pp - | - | 


MT2+ Gate— | 25 Ohms 


Vep 0.20 =~ _ All Trigger 1000 ° 
Modes Ohms 
H Main Terminal Source Voltage = 24 
Vdc, Peak initiating on-state current = 
0.5A, 0.1 milliseconds to 10 millisec- 
onds wide pulse. Gate trigger source = 


7 Volts, 20 Ohms 


DC Holding Current 


z= 

sia 

Oo 
3 
> 
iw 
° 


DC Latching Current 


L Main Terminal Source Voltage = 


Vdc, Gate trigger source = 15 volts, 
100 Ohms, 50 usec pulse width, 5 usec 
rise and fall times max. 


TRIGGER MODE 


MT2+ Gate+ 
MT2— Gate— +25°C 
MT2+ Gate— 


MT2+ Gatet+ 
MT2— Gate— 


MT2+ Gate— 
Junction-to-Case 


8 
> 
2. 
re) 


viv 
oO} So 
o1o 


Pe 


Resistance 
NOTES: 
Values apply for either polarity of main terminal 2 characteristics referenced to main terminal 1. 
Main terminal 1 is the reference terminal for main terminal 2 and gate terminal. 


. With Vp equal to maximum allowable off-state voltage. 
Apparent thermal resistance applies for a 50 or 60 Hz full siné wave of current. 1375 


eS) 
o|o 
o;,o 


Fenn 


60 NOTES, + 
1.CASE TEMPERATURE MEASURE- 
MENT POINT IS SHOWN ON 
50 OUTLINE DRAWING. 
2.RATING CURVES APPLY FOR 
50 OR 6OHz SINE WAVE 
40 OPERATION. 
3. CONDUCTION ANGLE = 
360° 


POLARITY OF MAIN TERMINAL 2 
REFERENCED TO MAIN TERMINAL]. 


INSTANTANEOUS ON— STATE CURRENT —AMPERES 


30 | 
ie) | 2 3 4 5 6 7 8 “o 2 4 6 8 ' 12 14 16 18 2 2224 26 28 
RMS ON-STATE CURRENT, Trinms)~ AMPERES INSTANTANEOUS ON— STATE VOLTAGE — VOLTS 
1. MAXIMUM RMS ON-STATE CURRENT 2. MAXIMUM ON-STATE VOLTAGE 
MAXIMUM ALLOWABLE CASE TEMPERATURE VS. ON-STATE CURRENT 


SS 
ae 


3.CURRENT WAVE FORM IS SINUSOIDAL, 
50 OR 6OHz. 


. 


GATE CONTROL MAY BE LOST 
DURING AND IMMEDIATELY FOLLOWING 
THE SURGE CURRENT INTERVAL. 

2.CURRENT OVERLOAD MAY NOT BE REPEATED 

UNTIL JUNCTION TEMPERATURE HAS RETURNED 

TO WITHIN STEADY-STATE RATED VALUE. 


30 
1 2 


MAXIMUM AVERAGE POWER DISSIPATION-WATTS 
PEAK SURGE (NON-REP.) ON~STATE CURRENT 

on 

So 


0 ! 2 3 4 5 6 7 8 3 4 5678910 20 30 405060 80 100 
RMS ON-STATE CURRENT, L7(amg)-AMPERES NUMBER OF FULL CYCLES 
3. MAXIMUM AVERAGE POWER DISSIPATION 4. MAXIMUM ALLOWABLE FULL CYCLE 
VS. RMS ON-STATE CURRENT SURGE CURRENT FOLLOWING RATED 
LOAD CONDITIONS 
OUTLINE DRAWING PART NUMBER DESIGNATION 
STANDARD TYPE ~JEDEC TO-202AB $C116 B 1 
al —| ee f* ere POWER -TABM rRiAc [Vourase [Leao FORMING CONFIGURATIONS 
: Y 8A RMS NON -ISOLATED B= 200VOLTS 1 = STANDARD TYPE 
D =400 VOLTS 2e Type 2 
CASE TEMP, REF E =500 VOLTS 142 Type tl 
4+ M=600 VOLTS 122 Type !2 
-067 # = OTHER VARIATIONS 
- LEAD FORMING CONFIGURTIONS 


wt — 978 y ane CHAMFER 


068 080 
wrt REF. | ae 


MT2 
138 
=) SATE 950 465 108 
230, 4 
@ TAB ELECTRICALY COMMON TO MT2 REF. fg ner. § 
OTHER LEAD FORMING 7 
top CONFIGURATIONS AVAILABLE 
095 
TYPE 2 TYPE 11 TYPE1 
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Triac 
Bi-Directional Triode Thyristor 
3A RMS Up to 400 Volts 


General Electric’s Triac is a bi-directional triode thyristor which may be gate triggered from blocking to a 
conducting state for either polarity of applied voltage. This device will perform most of the functions of 
two SCR’s (silicon controlled rectifiers) connected in inverse parallel. 


The GE SC136 series Triac is designed for 120 and 240 volt, 50 and 60 Hz AC switching and control 
applications such as lamp dimming, motor speed and temperature controlling, and static switching. The device 
is able to withstand the inrush surge of any paraliel combination of tungsten lamp loads totaling 150 watts 
on a 120-volt line or 300 watts on a 240-volt line. 


An important feature of the SC136 is its ability to switch into the conducting state should a breakover voltage 
in either polarity be exceeded, thus providing inherent immunity from transient voltage damage which generally 
eliminates the need for auxiliary protective devices. 


Features: 


Blue Silicone 
Leads Can Be Formed 
To A TO-5 Pin Configuration 


e Inherent immunity from transient voltage damage (can be broken over safely in either 
direction) 


Improved commutating dv/dt (5V/us min) 

No maximum torque limit on mounting screw 

Narrow leads greatly simplifies customer assembly 

Four standard lead forming configurations available from factory (including TO-5 compatability) 


Special selections for non-standard gate requirements available upon request 


TYPICAL TRIAC APPLICATIONS 


Heat 
Control 


GENERAL FUNCTIONS 


Motor Solid State 
Speed Contractors Power 
TYPES OF EQUIPMENT Control! and Relays Regulation 


x 
x 

Blenders wines Sd XY 
[Computer Tape Decks pCi SX 
ee ee 
Hand Tos Sid Cd XC 
[Machine Toki Mig J sd 
LT 
ena 
rete Dimmers [| Sid id 


Outdoor sigs CY 
Ghutches[Brakes SiS 
[Industrial Timers 

Vending Machines 


Computer Fower Supplies [dT 


MAXIMUM ALLOWABLE RATINGS 


RMS On-State 
Current 
360° Conduction, Trap = 65°C 


IT (RMs) 


Repetitive Peak 
Off-State Voltage 
Tj = -40°C to + 110°C 


Vorm Notes 1, 2 


Peak One Full Cycle Surge 
(Non-rep) On-State Current 
T; =-40°C to + 110°C 


MAXIMUM ALLOWABLE TEMPERATURE -°C 


Amperes 


Critical Rate-Of-Rise of On-State Current, di/dt: (2) (4) 


Breakover voltage triggered operation... 2.0.06. 0 cee cece cece tec u tec vestecveveececccces. SA/uS 
Peak Gate Power Dissipation, EG NECOE sti bag te ete ere erg aos aaa em eo ca en ee och cadet lead 5.0 Watts 
Average Gate Power Dissipation, MAIO) uA ak oth ett alates Simkar Gh, Poms, wine cct a uae ty me nt La. 4 0.1 Watts 
Storage Temperature, Marte erates Gta en esti ing. coe ares yards tn de aiid Jost yearn cs Aerts can Ta delariee TE —40°C to +150°C 
Operating Temperature, Ty... 2.0... cece cece bee ce cece —40°C to 110°C 


NOTES: 
1, Ratings apply for zero gate voltage only. 
2. Ratings apply for either polarity of main terminal 2 referenced to main terminal 1. 
3. Ratings apply for either polarity of gate terminal referenced to main terminal 1. 
4. di/dt rating is established in accordance with ElA Standard RS397, Recommended Standards for Thyristors, Section 5.2.2.6. 


130 1 Pot ye = 40 = 4 
NOTES: (1) RATING CURVES APPLY FOR 50 OR 60 Hz 
20+} +} SINE WAVE OPERATION; 360 CONDUCTION ANGLE _| p——_1 _} 4 + 
(2) RATINGS DERIVED FOR 0.1 WATT AVERAGE GATE 
3 POWER DISSIPATION 35}—} a a= ml 
" 7 | (3) TAB OR LEAD TEMPERATURE IS MEASURED TJ 
m |} NOTES: (1) JUNCTION TEMPERATURE =110°C ia 
100 is mie a EhoM DEVICE Boby 2 (2) SINUSOIDAL CURRENT WAVEFORM, 
(4) TAB VERTICAL IN FREE AIR en | g 3.0 50 OR 60 Hz,360* CONDUCTION ANGLE | 
L z 
9° TO $ —- | + 1 : 
.-¢ 
80 | + +— 528 + 
L TYPES | AND It,12 a allt z i 
70 + 4— TAB TEMP 4 = | 
(SEE NOTE 3) F 20 } she fe : 
60 + + 4 a & 
TYPE 2 AND Cn on t = 
50 ea (eau |. MT2 LEAD TEMP Fs 
| (SEE NOTE 3) gts 4 L 
40 |—TYPE 2 AND 21 + 3 TT 
AMBIENT TEMP TYPE 1,11 AND 12], 2 
AMBIENT TEMP. X10 | 
30 1_ 7 (SEE NOTE 4) Fs | 
ape | 
| 0.5 nt 
h 
7 1 1—T ap fa ame 
ot_t 1 L <2 ° n I 
) 0.4 0.8 2 1.6 2.0 2.4 2.8 3.2 ° 0.4 0.8 Le 1.6 2.0 2.4 2.8 32 
RMS ON STATE CURRENT-AMPERES RMS ON-STATE CURRENT-AMPERES 
FIGURE 1: FIGURE 2: 


MAXIMUM ALLOWABLE TEMPERATURES 
VS. RMS ON-STATE CURRENT 


MAXIMUM AVERAGE POWER DISSIPATION 


VS. RMS ON-STATE CURRENT 
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CHARACTERISTICS SC136 
Reference 
Test Conditions 


MA VpRM = Maximum Allowable Peak 1, 
Off-State Voltage 
Gate Open Circuited 
10 
500 Piece 


5 

1.8 Volts TL= +25°C, I7m = 5A peak, 1 msec 1,5 
Wide pulse, duty cycle S 2% 

1,5 


Volts/usec TL=+110°C, Rated VpRM 
Volts/usec 


mAdc Ry = 50 ohms 
: 6 Vde] $0 ohms|+25°C 
: 
3 
12 Vdc] 50 ohms] —40°C 
| 
MT2-— Gate—} Rated | 1000 +110°C 
MT2+ Gate— | VprM | ohms 
MT2— Gatet+ 
= mAdc Main Terminal Source Voltage = 24 Vdc, 
Peak initiating on-state current = 0.1A 1,5 
0.1 milliseconds to 10 milliseconds wide 
pulse, Gate trigger pulse width = 100 usec 
TL= +25°C, Gate trigger source = SV, 5082 
| 100 | TL= —40°C, Gate trigger source = 10V,50Q 


SymbojJ T 


< 


Peak Off-State 
Current 


DRM 


< 
<j 
= 


Peak On-State 
Voltage 


Critical Rate of Rise of 
Off-State Voltage 
(Higher values may cause 
device switching) 
Critical Rate of Rise of 
Commutating Off-State 
Voltage 

(Commutating dv/dt) 


dv/dt 


Gate Open Circuited, 
Exponential Waveform 
TL= +65°C, IT(RMS) = 3.0 A 
VprM = Rated Max. Allowable 
Peak Off-State Voltage. 

Gate Open Circuited 


Commutating di/dt = 1.6A/msec 


- 
oO 


dv/dt(c) 
1,5 


a 
| 


DC Gate Trigger 
Current 


IGT 


25 
25 
25 
50 
50 
50 


DC Gate Trigger 
Voltage 


< 

) 

4 
wlwlw] rn] r 
olojololo 


0.20 


DC Holding Current H 


4 


mAdc Main Terminal Source Voltage = 24 Vdc, 
Gate trigger pulse width = 100 usec 2,5 


Trigger Mode | Trigger Source 


MT2+ Gate+ 

50 MT2— Gate— 
100 MT2+ Gate— 
100 MT2+ Gate+ 
100 MT2— Gate—| 10V, 5082 
2 MT2+ Gate—| 10V, 502 


00 

75 °C/Watt Junction to Ambient, tab types 1, 11, 12 

100 Junction to Ambient, no tab types 2, 21 3,5 
Junction to tab, types 1, 11, 12 
Junction to MT2 lead, no tab types 2, 21 


NOTES: 1. Values apply for either polarity of main terminal 2 characteristics referenced to main terminal 1. 

2. Main terminal 1 is the reference terminal for main terminal 2 and gate terminal. 

3. Junction to case values tested in accordance with JEDEC Semiconductor device registration #IC-22 (RDF-2), VA, Note 6, which states, 
“’Thermal characteristics are to be measured with the device operating in only one direction. The values registered are to be the limiting 
value for either direction.” The junction to ambient value is with the device inserted in a socket (unsoldered) and natura! convection. See 
outline drawing for tab and lead temperature measurement points. 

4. Special selections for non-standard gate requirements available upon request. 

5. The lead temperature (T,) is measured in the center of the tab, 1/16 inch from the body on Type 1, 11 and 12 devices, and in the 1379 
center of the MT lead, 1/76 inch from the body on Type 2 and 21 devices. 


DC Latching Current 


T 


; 


5V, 5082 
5V, 50 +25°C 
5V, 502 

10V, 50Q 


wn 
fo] 


—40°C 


Steady-State Thermal 
Resistance 


ROJA 
ROIA 
ROJ-TAB 
ROIL 


wW—_ 
nao 


30 
i - fe T 40 
+ t+ + 
zofh-—+ ate} Ta | 
Sp a : ry 
= 
” JUNCTION A Rae 
TEMPERATURE = 25°C | —1—] 
ess 
10 
8 (1) JUNCTION TEMPERATURE IMMEDIATELY 
PRIOR TO SURGE *-40°C TO FOTe 4 — 


a 


(2) GATE CONTROL MAY BE LOST DURING AND IMMEDATELY 7 
FOLLOWING THE SURGE CURRENT INTERVAL ++ 


(3) CURRENT OVERLOAD MAY NOT BE REPEATED UNTIL 
JUNCTION TEMPERATURE HAS RETURNED TO WITHIN 
STEADY STATE RATED VALUE. 


Sa SESS cl oH cee 


5 ; 15 20 25 56 a5 a6 1 2 4 6 8 10 20 40. 60 80 100 
INSTANTANEOUS ON~STATE VOLTAGE -VOLTS NUMBER OF FULL CYCLES AT 60 Hz 
FIGURE 4; MAXIMUM ALLOWABLE FULL 
FIGURE 3: MAXIMUM ON-STATE CHARACTERISTICS CYCLE SURGE CURRENT FOLLOWING 


RATED LOAD CONDITIONS 


> 


T 


{ | desis 
: 
‘ 


eae 


1 


n 


PEAK ON-STATE SURGE CURRENT - AMPERES 


OUTLINE DRAWINGS 


STANDARD TYPE FORMED LEAD TYPES 


CLIP TAB P. C. MOUNT TO-5 RIVET/SCREW CLIP TAB TO-5 
MOUNT 


O75 
065 x 45° 


‘CHAMFER 


(INSIDE) 


@® TAB ELECTRICLY 
COMMON TO MT 2 


TYPE 1 TYPE 12 TYPE 21 


OTHER TRIAC AND APPLICATION INFORMATION AVAILABLE FROM GENERAL ELECTRIC 


Publication Publication 
Number Number 

Specification Sheets Application Notes 
175.13 S$C136 (3 Amp in plastic package) 200.35 Using the Triac for Control of AC Power 
175.14 sc142 (8 Amp in plastic package 200.51 Better Room Conditioning Via Solid State Controls 

with isolated tab) 200.53 Solid State Incandescent Lighting Controls 

175,15 $C141/146 (6, 10 Amp in plastic package) 200.61 A Zero Voltage Switching Temperature Control 
175.16 $C240/241 (6 Amp) 200.70 Low Resistance Sensor—Zero Voltage 
175.17 SC245/246 (10 Amp) Switching Temperature Control 
175.18 $C250/251 (15 Amp) 201.12 500 Watt AC Line Voltage and Power Regulator 
175.29 S$C260/261 (25 Amp) 201.19 RF Filter Considerations for Triac & SCR Circuits 
175.30 ST2 (Diac) 200.55 Handling and Thermal Considerations for General 
175.32 ST4 (Asymmetrical A.C. Switch) Electric Plastic Power Devices 


201.24 Thyristor Selection for Incandescent Lamp Loads 


All of these referred to may be ordered by publication number 
from General Electric Company, Distribution Services, Bldg. 6-208, 
Schenectady, New York 12305, 
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Bi-Directional Triode Thyristor 


Power Pac’ Triacs 


6A to1SARMS Up to 600 Volts 
Isolated and Non-Isolated Tab 


A triac is a solid state silicon AC switch which may be gate triggered from an 
OFF-State to an ON-State for either polarity of applied voltage. 


POWER PAC™ triacs are molded silicone encapsulated devices which incor- 
porate General Electric’s patented POWER GLAST glassivation process. 
This process provides an intimate bond between the silicon chip and the glass 
coating, significantly improving device performance and reliability. The cop- 
per mounting surface on the isolated tab types is electrically insulated from 
the silicon chip and the three electrical terminal leads. 

FEATURES: 


POWER-GLAS™ passivated silicon chip for maximum reliability. 


e Very low off-state (leakage) current at room and elevated temperatures. 


e Inherent immunity from non-repetitive transient voltage damage (max. 
critical rate-of-rise of on-state current subsequent to voltage breakover 
triggering, di/dt = 10 A/usec.). 


e Low on-state voltage at high current levels. 
e Excellent surge current capability. 
e 1600 volts RMS Surge Isolation Voltage on Isolated Triacs. 
© Selected types available from factory for use where circuit requires 
operation: 
— with popular zero voltage triggering IC’s 
—at 400 Hz 


— with low gate trigger current 
— at higher voltage levels 
— at higher commutating dv/dt levels 


POWER PAC PACKAGE 

e Meets JEDEC TO-220AB specifications. 

e Round leads — greatly simplifies assembly. 

e Six standard lead forming configurations available 
from factory (including TO-66 compatibility.) 


ISOLATED (RED) NON-ISOLATED (BLUE) 
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ISOLATED TAB 


e Rugged, industry-proven packaging. 


Molded 
Silicone 
Encapsulation 


Tab Coin 


Power Glas 


PICTORIAL ASSEMBLY 


ISOLATED TAB 
SC140, 2, 7 


NON-ISOLATED TAB 
$C141, 3, 6, 9, SC151 


RMS ON-STATE 
CURRENT, 


It(Rms)!1) 


REPETITIVE PEAK 
OFF-STATE VOLTAGE, 
Vprm'?) 


MAXIMUM ALLOWABLE RATINGS 


17¢ FOR 
FOR TIM 


(RMS AMPERE)2 


PEAK ONE FULL CYCLE 
SURGE (NON-REP) ON-STATE 
CURRENT, Itsy AMPERES 


AMPERES 


60 Hz SECONDS 1.0 


AMPERES MILLISECOND 


FUSING 
ES AT(3) 


(RMS AMPERE)2 
SECONDS, 8.3 
MILLISECONDS 


200 


400 
400 


200 


200 400 


Peak Gate Power Dissipation, Pgy (4) 
Average Gate Power Dissipation, Pocav) 
Peak Gate Current, Igy (4) 
Peak Gate Voltage, Vom (4) 
Storage Temperature, Ts+, 
Operating Temperature, Ty 
Surge Isolation Voltage (5) 


NOTES: 


1. At the case reference point (see outline drawin, 
for SC142 and SC149) and 360° conduction. 

. Ratings apply for zero gate voltage only. Ratings apply for either polarity of main terminal 2 voltage referenced to main terminal 1, 

. Ratings apply for either polarity of main terminal 2 referenced to main terminal 1. 

- Ratings apply for either polarity of gate terminal referenced to main terminal 1. 

- Isolated tab wiacs only. Rating applies from main terminals 1 and 2 and 
sinusoidal wave form applied for one minute. Rating applies over. the e 


MP WN 


ON ~STATE 
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39 QUADRANT 


ON-STATE 


TYPICAL CHARACTERISTICS 
VOLT-AMPERES 
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MAIN 
TERMINAL 
2 


3 
GATE Ol 
MAIN 
TERMINAL 


TERMINAL ARRANGEMENT 


ig) temperature of 80°C maximum (except 75°C maximum 
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10 Watts for 10 Microseconds (See Chart 4) 


0.5 Watts 
See Chart 4 
See Chart 4 
-40°C to +125°C 
-40 C to +100 °C 
1600 Volts RMS 


gate terminal to device mounting surface. Test voltage is 50 or 60 Hz 
ntire device operating temperature range. 


NON-ISOLATED TAB 


S$C141, 3, 6, 9, SC151 


ISOLATED TAB 
$c140, 2,7 


CHARACTERISTICS 


TYP. 


TEST SYMBOL 


Repetitive Peak Off- 
State Current 


Peak On-State Vim 
Voltage 
sco | 


sc141 
$C142 


REF. NOTE 
1 


Vp = Maximum Allowable Repeti- 


RM 
tive Off-State Voltage Rating 
Gate Open Circuited 
To = +25°C 
Tc = +100°C 
Volts To = +25°C, Ip = I msec., Wide 1 
Pulse, Duty Cycle < 2% 
1.85 Itm = 9.2 A Peak 
Itm = 8.5 A Peak 


Ipm = 11.5 A Peak 
a Volts/usec 


Hh i 
o/|o 
ee) : 
= 
> 


Imm = 11.5 A Peak 
Itm = 14 A Peak 


Itm = 14 A Peak 
Itm = 17 A Peak 
Itm = 21 A Peak 
Tc = +100°C, Rated Vprm 


Gate Open Circuited 
Exponential Voltage Waveform 


Critical Rate-of-Rise 
of Off-State Voltage 
(Higher values may 
cause device 
swit ching) 


SC140, SC141 30 
SC142, SC143 150 


= 
°o 
Oo 


reel 
Pe 
Too Ps 


0 
ag Volts/usec 

mAdc Vp = 12 Vdc 2 

50 MT2+ Gate + | 100 Ohms 

50 MT2— Gate — | 100 Ohms | +25°C 

50 MT2+ Gate — 50 Ohms 

80 MT2+ Gate + 50 Ohms 
Vdc 


Vp = 12 Vde | 
#25°C 


Critical Rate-of-Rise 
of Commutating 
Off-State Voltage 
(Commutating dv/dt) 


DC Gate Trigger 
Current 


dv/dt(c) 4 It¢RMs) = Rated Maximum Allow- 1,4 
ape RMS On-State Current, Vprm 
= Maximum Rated Peak Off-State 


Voltage, Gate Open Circuited. 


_ 
j=] 
Oo 


Igt 


80 
80 


DC Gate Trigger 
Voltage 


GT 


MT2— Gate — | 50 Ohms | -40°C 
Vac Te 


po 


DC Gate Non-Trigger 
Voltage 


S 
0 

° 
i) 
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CHARACTERISTICS (Continued) 


TEST CONDITIONS REF. NOTE 
1 


Main Terminal Source Voltage = 24 Vdc 
Peak Initiating On-State Current =0.5A, 
0.1 milliseconds to 10 milliseconds 
wide pulse, Gate Trigger Source = 7V, 
20 Ohms. 
Tc = 425°C 
To = -40°C 


Main Terminal Source Voltage = 24 Vdc 
Gate Trigger Source = 15V, 100 Ohms, 

S5Ousec pulse width, 5 usec rise and fall 
times maximum 


ae, 
-_ 
alu 
EE 
| 
a. 
ro) 


— 
aw 
3 
> 
iar 
Q 
Z/Z jz 
Si4al/aj- 
Niwjnw{ 2 
ya [+18 
Q}Qlala 
a (SiS \z2 
pi San et Dre 
ryt Jtio 
™m 
5 
% lA 
oO 
ps 


SYMBOL 


DC Holding Current 


DC Latching 
Current 


MT2 + Gate + 
MT2 — Gate — -40°C 
MT2 + Gate — 


Steady State 


: R@JA 
Thermal Resistance 


Steady State 
Thermal Resistance 


Junction-to-Case 
This characteristic is useful as an 
acceptance test at an incoming in- 
spection station. 


Nin 
QAO 
i 
ALR 
Oe feed 

a 

QO 
YR TY JS JH [SH Lo 
NPN [wWlo le 

° 

Q 

~ 

= 

~ 

=e 


n 
(2) 
L 
~_ 


Apparent 
Therma! Resistance 


Junction-to-Case 
This characteristic is useful in the 
calculation of junction temperature 
tise above case temperature for AC 
current conduction. 


NOTES: 
1. Characteristic values apply for either polarity of main terminal 2 6. Junction-to-case steady-state thermal resistance (R@jc) is tested in 
referenced to main terminal 1. accordance with EIA-NEMA Standard RS-397, Section 3.3.2, which 
2, Main terminal 1 is the reference terminal for main terminal 2 and states: “Thermal characteristics are to be measured with the device 
gate terminal. operating in only one direction,”’ The values listed are the limiting 
3. With Vp equal to maximum allowable off-state voltage. value for either direction. For non-isolated devices, the MT2 lead 
4. Values for these test conditions are: temperature reference point is approximately equal to the case tem- 
perature reference point (see outline drawing). 
Device Commutating di/dt Tc 7. Apparent thermal resistance applies for a 50 or 60 Hz full sine wave 
$C140 3.5 A/msec +80°C of current, It can be calculated with the following formula: 
SC141 3.2 A/msec +80°C Ty(max) — Tc 
S$C142 4.3 A/msec +75°C Apparent thermal resistance = ——_—~_—_—_ 
$C143 4.3 A/msec +80°C Pr(Ay) 
SC146 / SC147 5.4 A/msec +80°C where: = Ty(max) = maximum junction temperature 
SC149 6.4 A/msec +75°C T = case temperature 
SC151 8.1 A/msec +80°C Cc 


Pr(ay) = average on-state power 
5. The junction-to-ambient value is under worst case conditions; i.e., 

with No. 22 copper wire used for electrical contact to the terminals See Reference Chart 12. 

and natural convection cooling. 
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too 


85 


80 cn eee 


Sci4l 


2 3 4 5 6 7 8 9 
RMS ON-STATE CURRENT Iriamg) - AMPERES 


$C140 /SC141 


le T_ ] T 


at 


90h - 


EEE MARTMUM ALLOWABLE CASE TEMPERATURE J_ “CU 
MAXIMUM ALLOWABLE CASE TEMPERATURE, Tc-*C 
© 3 ° 3 a 
—— ° 
= 


80 + + { { L 7 + 

a a 

oe 

Mb | —L 1. = L 1 L Li. 

ie] { 2 3 4 5 6 7 8 9 10 

RMS ON-STATE CURRENT, I7(RMs)~AMPERES 
$C146 / SC147 
100 


MAXIMUM ALLOWABLE CASE TEMPERATURE T, - *¢ 


o t 2 3 4 5 6 7 8 9 10 It 12 13 
RMS ON-STATE CURRENT, Trrpys)- AMPERES 
$C151 


14 


MAXIMUM ALLOWABLE CASE TEMPERATURE 1 ~-°C 


Te - °C 


MAXIMUM ALLOWABLE CASE TEMPERATURE, 


ISOLATED TAB | NON-ISOLATED TAB 
$C140, 2, 7 $C141, 3, 6, 9, SC151 


° 2 4 6 8 10 12 
RMS ON-STATE CURRENT, Iripms) — AMPERES 


$C149 


NOTES: 


1. Case temperature measurement point is shown on outline 
drawings. 

2. Rating curves apply for 50 or 60 Hz sine wave operation. 

3. Conduction angle = 360°. 


1. MAXIMUM CURRENT RATINGS 
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$C141, 3, 6, 9, SC151 


$C140, 2, 7 


a 
t 
i 
Qa 
Ly 
- 
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ol 
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z 
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fea] 
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KE 
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°° oo 00 
o 6 SS = 6 


1.5 


iS 


S3xadNV-LN3YYND JLVLS-NO SNOJNVINVLSNI 


o°o0.06UCWUtCOlUlC QqQ. 0 
§ 8s 822 8 2 8 


2.6 


2.2 


1.8 


14 


INSTANTANEOUS ON-STATE VOLTAGE - VOLTS 


bed 
fo) 


jee 
°o 


INSTANTANEOUS ON-STATE VOLTAGE-VOLTS 
$C142 


$C140 /SC141 


25 


INSTANTANEOUS ON-STATE VOLTAGE - VOLTS 


2.0 


5 


10 


SBYSdWV -LNZYYND 31VLS-NO SNOINVLNVLSN! 


2 
WET TMT TTT T° 


WE | TT Tt 
LTT TT PTT 


INSTANTANEOUS ON-STATE VOLTAGE - VOLTS 


S3YSdWY-LN3YYND 31VLS-NO SNOSNVLNVISN! 


$C147 
duty cycle 2%, 


1 msec. pulse, 


enced to main terminal 1. 


ITM 
2. Curves apply for either Polarity of main terminal 2 refer- 


1. 


NOTES: 


$C143 /SC146 /SC149 


AN3YYND ALVLS-NO SNOSNVLNVLSNI 


STATE VOLTAGE - VOLTS | 


$C151 


INSTANTANEOUS ON 


2. MAXIMUM ON-STATE CHARACTERISTICS 
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MAXIMUM AVERAGE POWER DISSIPATION -WATTS 


MAXIMUM AVERAGE POWER DISSIPATION-WATTS 


MAXIMUM AVERAGE POWER DISSIPATION - WATTS 


OB GG a 
COCO ste A 
SLCC eee ZL 
eee eZ ae 


2 s 4 5S 6 7 6 
RMS ON-STATE CURRENT, Ir:pyg) - AMPERES 


$C140 /SC141 
2 8 10 
RMS ON-STATE CURRENT, Ir(pmg) - AMPERES 
$C143 /SC146 /SC149 


‘ Piet 
fo) 2 4 6 6 0 l@ 4 (6 18 20 
RMS ON-STATE CURRENT, [7 (pms) ~ AMPERES 
$C151 


3. MAXIMUM POWER 
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MAXIMUM AVERAGE POWER DISSIPATION - WATTS 


MAXIMUM ALLOWABLE POWER DISSIPATION - WATTS 


S$C140, 2, 7 


$C142 


ISOLATED TAB | NON-ISOLATED TAB 
$C141, 3, 6, 9, SC151 


RMS ON-STATE CURRENT, I7(Qms) - AMPERES 
$C147 


NOTES: 
1. Ty = 100°C. 
2. Conduction angle = 360°. 
3. Current waveform is sinusoidal, 50 or 60 Hz. 


DISSIPATION 


INSTANTANEOUS GATE VOLTAGE -VOLTS 


ISOLATED TAB 
S$C140, 2, 7 


NON-ISOLATED TAB 
SC141, 3, 6, 9, SC151 


12 

to; 
AVERAGE NOTE: 

8 SHADED AREA REPRESENTS LOCUS 
EQUA OF ALL POSSIBLE DC (2 20 MICRO- 


IN LS 0. SECONDS) GUARANTEED TRIGGERING 
6 POINTS FROM -—40°C TO +100°C . 


{e) 0.5 


1.0 
INSTANTANEOUS GATE — CURRENT — AMPERES 


4. GATE CHARACTERISTICS AND RATINGS 


1S 2.0 25 3.0 


OC GATE CURRENT—MILLIAMPERES 


eee 


1 1 
-10 fe] to 20 
CASE TEMPERATURE 


6. MAXIMUM DC GATE CURRENT TO TRIGGER 
VERSUS CASE TEMPERATURE 


Loi of 
-40 ~30 -20 30 40 sO 


PEAK GATE CURRENT—- MILLIAMPERES 
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et} 
Hy iors 
fodn NOTE: | i 
|. APPLIES FOR ALL THREE | iss 
a a GUARANTEED TRIGGER 


MODES. 


DC GATE VOLTAGE-VOLTS 


40 ° 10 
CASE TEMPERATURE, Te ~°C 


20 


5. MAXIMUM DC GATE VOLTAGE TO TRIGGER 
VERSUS CASE TEMPERATURE 


cee 


1. RECTANGULAR GATE CURRENT PULSE APPLIED. 

2.RISE AND FALL TIMES EQUAL TO OR LESS THAN 
10% OF GATE PULSE WIDTH, 

3.MAIN TERMINAL VOLTAGE = 12 V0C, LOAD 
RESISTOR (SEE CHARACTERISTIC TABLE). 

4.APPLIES FOR ALL THREE GUARANTEED 

TRIGGER MODES. 


200 + 4 
7 Te 40°C 
re 
(30 
= 
100 + 
oy es a Cra 
SOF TT To 4—_t 7 
L i feiak +--+} - a eae 
ot dk —L__1 1 - L L —L { 1 aI 
o ': 23 4 5 6 7 & ¥: HH 2 B 4H 6 TF 1B tS 2 
GATE PULSE WIDTH ~ MICROSECONDS 


7. MAXIMUM GATE CURRENT TO TRIGGER 
VERSUS GATE PULSE WIDTH 


DC HOLDING CURRENT - MILLIAMPERES 


PEAK SURGE CURRENT - AMPERES 


PEAK SURGE - CURRENT AMPERES 


ISOLATED TAB | NON-ISOLATED TAB 
$C140, 2, 7 $C141, 3, 6, 9, SC151 


|. Te = 80°C EXCEPT FOR Te = 75°C 
FOR SCi42 AND SC149 
2. FOR FULL WAVE CONDUCTION 
di /dtey * It¢RMS)Y 
707 


WHERE: 

di/dtie) 1S IN AMPERES/MILLISECONDS 
iy (RMS) (S IN AMPERES 
et () = 377 FOR GOHZ, 314 FOR S5OH2 


NOTES: 


|. CURVE APPLIES FOR 

EITHER POLARITY OF MAIN 
TERMINAL 2 REFERENCED TO 
MAIN TERMINAL |. 


2. PEAK INITIATING ON-STATE CURRENT 
EQUALS 0.5 AMPERES, 


EEE 


-10 ° 20 30 
CASE TEMPERATURE - °C 


8. MAXIMUM DC HOLDING CURRENT 
VERSUS CASE TEMPERATURE 


(= RATED di/dt (ay 
5 
[ 


2 


NORMALIZED TO DEVICE RATED COMMUTATING diAit 


20 
TYPICAL COMMUTATING dv/dt- VOLTS/MICROSECOND 


9. NORMALIZED DEVICE RATED COMMUTATING 
DI/DT VERSUS COMMUTATING DV/DT 


Pa 

Pt 

N a a 
| 


PEAK SURGE CURRENT- AMPERES 


L | 
|] 
20\— 


t_1 
1 2 4 6 8 10 20 40 60 80 100 | 2 5 10 20 5 Lore) 
NUMBER OF FULL CYCLES NUMBER OF FULL CYCLES 
$C140 /SC141 $C143 /SC146 /SC149 /SC151 

Wo 

100 

90 

80 

NOTES: 

10 1. Gate contro{ may be fost during and immedi- 

ately following the surge current interval. 
2. Current surge may not be repeated until junc- 

6 tion temperature has returned to within steady- 
state rated value. 

50 3. Junction temperature immediately prior to 
surge = 40°C to 100°C. 

40 LTR. 

I 2 4 6 610 20 40 60 80100 
NUMBER OF FULL CYCLES 
$C142 /$C147 


10. MAXIMUM ALLOWABLE PEAK FULL CYCLE SURGE (NON-REPETITIVE) ON-STATE CURRENT 


1389 


ON-STATE SUB-CYCLE 


SURGE - CURRENT 


spe? 


r2, 
fos 


(AMPERES) 
a 
3 
° 


ISOLATED TAB 
SC 140, 2, 7 


NON-ISOLATED TAB 
$C141, 3, 6, 9, SC151 


LT 
malig 


PULSE BASE WIDTH - MILLISECONDS 


$C140/SC141 


HELL 
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(RMS AMPERE)2 sEcoNDS 


THERMAL IMPEDANCE - °C/ WATT 
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5 2 3 a 
PULSE BASE WIDTH - MILLISECONDS 


$C143 / SC146 /SC149/S$C151 
11. SUBCYCLE SURGE (NON-REPETITIVE) ON-STATE CURRENT AND /?t RATINGS 
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| eects 
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NUMBER OF SINE WAVE CURRENT CYCLES 
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ATT 
TLC 


| 
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toe 
8 
Fe 
& 
7) 
AL 
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PULSE BASE WIDTH — MILLISECONDS 
$C142 /SC147 


NOTES: 


1. 


2. 
3. 


Curves apply for either polarity of main termi- 
nal 2 referenced to main terminal 1. 

Curves for half sine wave current waveform. 
Gate control may be lost during and immedi- 
atety following the surge current interval. 


. Current surge may not be repeated until junc- 


tion temperature has returned to within steady- 
state rated value. 


. Junction temperature immediately prior to 


surge = -40°C to 100°C. 


NOTES: 


1. 


Curve defines temperature rise of 
either junction above case tempera- 
ture for equal amplitudes symmetrical 
sine wave current at 50 and 60 Hz. 


. Curve considers junction temperature 


measured immediately after the final 
cycle of current. 


. Gate will regain control if temper- 


ature is maintained below rated value 
and load current is reduced or main- 
tained at RMS value, 


. For more than 100 cycles of current 


the case temperature rise must be ob- 
served and used in calculating the tot- 
al junction temperature. 


. Junction temperature rise above case 


is defined as apparent transient therm- 
al impedance times average conduc- 
tion power dissipated during full cycle 
conduction, 


. Apparent steady-state value is not the 


same as JEDEC value listed as steady- 
state in characteristics table. 


12. MAXIMUM APPARENT TRANSIENT THERMAL IMPEDANCE 
(50 AND 60 Hz SINE WAVE OPERATION) 
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© 
3 


STANDARD TYPE 


CASE TEMPERATURE 
REFERENCE POINT 


MAIN TERMINAL | (MT 1} 

@® MAIN TERMINAL 2 (MT 2) 

@ GATE 

@ MOUNTING TAB (ELECTRICALLY COMMON TO MT2, 
NON - ISOLATED DEVICES ONLY 

® NON - ISOLATED DEVICES ONLY 


[win [Max | 


SYMBOL METRIC MM 
MIN MAX 
190 4.06 4.83 


2.41 2.67 


1.37 TYP. 


TO-66 EQUIVALENT 
(NON -ISOLATED DEVICES ONLY ) 


CENTER LEAD 
CUT -OFF 


TYPE 2 


UPRIGHT MOUNTING 


FLAT MOUNTING 
CHASSIS HEATSINK 


CENTER LEAD CUT 
(NON-ISOLATED DEVICES ONLY) 


L— CENTER LEAD 
CUT - OFF 


TYPE 4 


FLAT MOUNTING 
RADIATOR HEATS 
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ISOLATED TAB 
$C140, 2,7 


NON-ISOLATED TAB 
$C141, 3, 6, 9, SC151 
POWER PAC TRIAC PART NUMBER DESIGNATION 


$C1 40 B2 
POWER PAC TRIAC LEAD FORMING CONFIGURATIONS 
CURRENT RATING & ISOLATION VOLTAGE RATING 

40 = 6.5 A RMS Isolated = 200 Voits None = Standard Type 1 
41= 6 A RMS Non-Isolated D = 400 Volts = Type 2 
42= 8 A RMS Isolated E = 500 Volts = Type 3 
43 = 8 A RMS Non-tsolated M = 600 Volts = Type 4 
46=10 A RMS Non-lsolated = Type 5 
47=10 A RMS Isolated = Type 6 
49= 12 A RMS Non-Isolated NOTE: See Outline Drawing. 


51=15 A RMS Non-Isolated 


TYPICAL CIRCUITS 


SCi41B OR 


Triacs are especially useful in AC lamp dimming because of their ability SCI46B 


to conduct in both directions. 


The circuit shown here incorporates General Electric’s ST4 asym- 
metrical AC trigger integrated circuit. This device greatly reduces the 
snap-on effects that are present in symmetrical trigger circuits and mini- 
mizes control circuit hysteresis. This performance is possible with a 
single RC time constant, whereas a symmetrical circuit of comparable 
performance would require at least three additional passive components. 


DT230H (4) 


AC 
VOLTAGE 
AND 
LOAD 
TERMINALS 


VIZOLA20B 


The SC151D, in combination with an optically-isolated SCR (4N40), allows this highly transient immune, TTL compatible, 
zero voltage switching design for a normally open 15 ampere solid-state relay. Zero voltage crossing is sensed via the base 
emitter diode drop of the 2N3859 which then allows the 4N40 SCR portion to be triggered and apply gate signal to the 
SC151 triac. The transient immunity is designed in through use of the GE-MOV®, the snubber network and the choice of 
400 volt semiconductors. 


OTHER TRIAC, TRIGGER AND APPLICATION INFORMATION AVAILABLE FROM GENERAL ELECTRIC 


PUBLICATION PUBLICATION 
NUMBER TRIAC SPECIFICATION SHEETS NUMBER APPLICATION NOTES 
175.13 $C136 200.35 Using the Triac for Control of AC Power 
175.34 Hermetic Triacs 200.53 Solid State Incandescent Lighting Controls 
TRIGGER SPECIFICATION SHEETS 201.12 500 Watt AC Line Voltage and Power 
Regulator 
175.30 ST2 (Diac) : : f , 
201.19 RF Filt fe 
175.32 ST4 (Asymmetrical AC Trigger) Ptr a Souielcerations:for Tag SCR. 
ob :82 anaeue (Silicon Bilateral Switch) 201.24 Thyristor Selection for Incandescent Lamp 
RELIABILITY REPORT Loads 
95.29 Glassivated Triac Reliability Report 200.55 Thermal Mounting Considerations for Plas- 


tic Power Semiconductor Packages 
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Bi-Directiona! 
Triode Thyristor 


Hermetic Triacs 


6A to 40A RMS_ Up to 600 Volts 


- The triac is a silicon AC switch which may be gate triggered from an OFF- 
State to an ON-State for either polarity of applied voltage. These triacs are | = §€265 
hermetically sealed devices which incorporate General Electric ’s patented 
POWER-GLAS™ process that improves upon normal passivation techniques. 

It provides an intimate bond between the silicon chip and the glass coating. PRESS-FIT 
The resulting stable, low-level leakage current provides excellent performance 


and demonstrated reliability. $C241 


FEATURES: 


e POWER-GLAS™ passivated silicon chip for maximum reliability. 
e Very low off-state (leakage) current at room and elevated temperatures. 
e Inherent immunity from non-repetitive transient voltage damage (max. 
critical rate-of-rise of on-state current subsequent to voltage breakover 
triggering, di/dt = 10 A/usec.) 
Low on-state voltage at high current levels. 
Excellent surge current capability. 
1800 volts RMS Surge Isolation Voltage on Isolated Triacs. 
Selected types available from factory for use where circuit requires 
operation: 

- with popular zero voltage triggering IC’s 

— at 400 Hz 

— with low gate trigger current 

— at higher voltage levels 

— at higher commutating dv/dt levels. 


SIX BASIC PACKAGES 
¢ Other packages available upon request. 


—~ 


PRESS-FIT ISOLATED STUD ‘ ISOLATED 


With Press-on TO-3 FLANGE 
MT2 Terminal 


NON-ISOLATED ISOLATED STUD NON-ISOLATED 
STUD With Solder Ring Vie TO-3 FLANGE 
6 MT2 Terminal 9 


STUD/TO-3 FLANGE 
SC240, 45, 50, 60, 65 


TYPE 
AMPERES 


[scaaoraai [6 [300 | 400 | 300 | 600 
200_[ 400 | 500 | <0 | 
200 [400 | 500] 600 | 
200| 400] 500” | 600_| 
[sczes/265| 40 | 200 | 400 | 300] 600 


Peak Gate Power Dissipation, Poy (4) 


Pt FOR FUSING 
FOR TIMES AT(3) 


(RMS AMPERE)2| (RMS AMPERE)2 
SECONDS, 1.0 SECONDS, 8.3 
MILLISECONDS ; MILLISECONDS 


RMS ON-STATE 
CURRENT 
IT (Rms) (1) 


PEAK ONE FULL CYCLE 
SURGE (NON-REP) ON-STATE 
CURRENT, Igy, AMPERES 
50 Hz | 60 Hz 
AMPERES | AMPERES 


REPETITIVE PEAK 
OFF-STATE VOLTAGE, 


SC240/SC241, SC245/SC246, SC250/SC251, SC260/SC261.............. 10 Watts for 10 Microseconds (See Figure 5A) 
O26 BO 200 in Se Sheila Che Rare da nal Wek nd way OA files te 10 Watts for 20 Microseconds (See Figure 5B) 
Average Gate Power Dissipation, PGE) sort ase pn GB math Scan Gm eet catan wo de cust Me ang Low h cee Saves dace Pes 0.5 Watts 
Peak Gate Current, Iom (4)... 00.0 cece cece eect eect teen eet ce cence (See Figures 6A, 6B, 6C) 
Poste Gate: Volidge. Vigig (A) sx si vinnie 2t5:6 8 leat a-enin' ae aaa Gooed tec c rare adhe, Where smencts aes (See Figures 6A, 6B, 6C) 
Storage Temperature, Tigres 7 tha irae f Say elie eA ied haces Meta macerated coke Oye na en ban the -40°C to +125°C 
Operating Temperature, T; is 

SCZA0/SC241, SC2AS/SC246. oe os bb ved eee Sagas eck s dba eda bbe belbk ond n nba ede ed, -40°C to +100°C 
S8C250/SC251, SC260/SC261, SC265/SC266 .. 6. ccc cece cece -40°C to +115°C 
Stud Torque (Isolated and Non-Isolated Stud PY PCS) ore, crv tied Bx tage sied alesse egere wee aee 25 Lb.-In. (29 Kg-Cm) (2.8 N-M) 
Insertion Pressure (Press-Fit Types)... 0.00... cee cece cece eee eee cleo. (3.56 N x 103) 800 Lbs. (364 Kg) 
Sipe Isolation ‘Mola ge 5) garnets ornare nN Mirae EeE Saute bliises, Pah Yee Vovely wd a de oe des Pate, 1800 Volts RMS 

CASE 

2 

ON -STATE 


MT2 + 
OFF (8? QUADRANT 
STATE \ wv [tue 


389 QUADRANT 3 
GATE O}1 
ON-STATE MAIN 
TYPICAL CHARACTERISTICS TERMINAL 
VOLT-AMPERES TERMINAL ARRANGEMENT 


NOTES: 
1. IT(RMS) tatings apply for 50 and 60 Hz with 360° conduction and at case reference point (see outline drawings) temperature as indicated in 
the following chart: 


CASE REFERENCE POINT TEMPERATURE CHART 


Stud/ Non-Isolated Isolated 
joni [anne | oSttte [ mmme one | SBR [vet | 
SC240/SC241 80°C 80°C 79°C 
SC245/SC246 78°C 78°C 
$C250/SC251 83°C 83°C 
SC260/SC261 15°C 75°C 
SC265/SC266 74°C 74°C 


VDRM !atings apply for zero gate voltage only. Ratings apply for either polarity of main terminal 2 referenced to main terminal 1, 
12t ratings apply for either polarity of main terminal 2 referenced to main terminal 1. 
Ratings apply for either polarity of gate terminal referenced to main terminal 1. 


Surge isolation voltage tating applies to isolated triacs only. Rating applies from main terminals 1, 2 and gate terminal to device mounting 
surface, Test voltage is 50 or 60 Hz sinusoidal waveform applied for one minute. Rating applies over the entire device operating temperature 
Tange. 


Ve FwWDn 
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CHARACTERISTICS 


Repetitive Peak Off- 
State Current 


$C240/SC241 
$C245/SC246 
$C250/SC25 1 


$C260/SC261 
SC265/SC266 


Peak On-State 
Voltage 


$C240/SC241 


SC245/SC246 


S$C250/SC251 


SC260/SC261 


SC265/SC266 


Critical Rate-of-Rise 
of Off-State Voltage 
(Higher Values May 
Cause Device 
Switching.) 


Critical Rate-of-Rise 
of Commutating 
Off-State Voltage 
(Commutating dv/dt) 


$C240/SC241 


SC245/SC246 


$C250/SC251 


$C260/SC261 


S$C265/SC266 


DC Gate Trigger 
Current 


$C240/SC241 


SC245/SC246 


S$C250/SC251 


$C260/SC261 


SC265/SC266 
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STUD/TO-3 FLANGE 
$C240, 45, 50, 60, 65 


$C241, 46, 51, 61, 66 


Vprm = Maximum Allowable Repe- 
titive Peak Off-State Voltage Rating. 
Gate Open Circuited. 


Tc = +25°C 
Te = Ty (Max.) 


To = +25°C 
= T; (Max.) 
Tc = +25°C, Ipm = 1 msec., Wide 
Pulse. Duty Cycle < 2%. 
8.5 A Peak 
14. A Peak 
= 21 A Peak 
= 35 A Peak 
Itm = 56 A Peak 


Volts/usec | Tc = Ty Max. Rated Vprm.- Gate 
Open Circuited. Exponential Voltage 
Waveform. 
250 
gow 
Pee 
Volts/usec | It(ams) = Rated Maximum Allow- 
able RMS On-State Current, Vppm = 
Maximum Rated Peak Off-State 
Voltage. Gate Open Circuited. 


Vp = 12Vdc 
TRIGGER MODE Ri 
MT2+ Gatet 100 Ohms 
MT2— Gate— 100 Ohms 
MT2+ Gate— 
MT2+ Gatet+ 
MT2— Gate— 
MT2+ Gate— 
MT2+ Gatet+ 
MT2— Gate— 
MT2+ Gate— 
MT2+ Gate+ 
MT2— Gate— 


MT2+ Gate— 25 Ohms 


100 Ohms 
100 Ohms 
50 Ohms 
50 Ohms 


CONTINUED: 


STUD/TO-3 FLANGE 
SC240, 45, 50, 60, 65 


CHARACTERISTICS (Continued) 


REF. NOTE 
2 


$C241, 46, 51, 61, 66 


Vor 


DC Gate Trigger 
Voltage 


TRIGGER MODE 
MT2+ Gatet 
MT2— Gate— 
MT2+ Gate— 
MT2+ Gatet 
MT2— Gate— 
MT2+ Gate— 


100 Ohms 
100 Ohms 
50 Ohms 
S50 Ohms 
50 Ohms 
25 Ohms 


DC Gate Non- 
Trigger Voltage 


TRIGGER MODE 
MT2+ Gatet+ 
MT2— Gate— 
MT2+ Gate— 
MT2— Gatet 
Main Terminal Source Voltage = 24 
Vdc. Peak Initiating On-State Current 
= 0.5Amps, 0.1 milliseconds to 10 


milliseconds wide pulse. Gate Trigger 
Source = 7 Volts, 20 Ohms 


DC Holding Current 


SC240/SC241 


To = +25°C 


SC245/SC246 ape 
$C250/SC251 ° 
SC260/SC261 = +25°C 


SC265/SC266 


DC Latching 
Current 


Te = 40°C 


Main Terminal Source Voltage = 24 
Vdc. Gate Trigger Source = 15 Volts, 
100 Ohms, 50 usec pulse width, 5 
usec rise and fall times maximum. 


TRIGGER MODE 
MT2+ Gate— 
MT2— Gate— 
MT2+ Gate— 
MT2+ Gate+ 
MT2— Gate— 
MT2+ Gate— 


Steady State 
Thermal Resistance 


Junction-to-Case. 
This characteristic is useful as an ac 
ceptance test at an incoming inspec- 
tion station. 


Non-Isolated Stud/Press-Fit 
Isolated Stud 

Non-Isolated TO-3 Flange 
Isolated TO-3 Flange 
Non-Jsolated Stud/Press-Fit 
Isolated Stud 

Non-Isolated TO-3 Flange 
Isolated TO-3 Flange 
Non-Isolated Stud/Press-Fit 
Isolated Stud 
Non-Isolated TO-3 Flange 
Isolated TO-3 Flange 


1396 CONTINUED: 


SC240/SC241 


SC245/SC246 


SC250/SC251 


CHARACTERISTICS (Continued) 
rest s¥meor [min] 
ie eee 
=| 


SC260/SC261 Resc 
$C265/SC266 


Apparent Thermal 
Resistance 


TYP. 
am i 
pee oe 
ae Mes 
eos yhoon 
eee) ad EG 
areal ee (OE 
a ed ICO 


Resc(ac) 


$C240/SC241 


SC245/SC246 


$C250/SC251 


8C260/SC261 


S$C265/SC266 


NOTES: 

1. Characteristic values apply for either polarity of main terminal 2 
referenced to main terminal 1. 

2. Main terminal 1 is the reference terminal for main terminal 2 and 
gate terminal. 

3. With Vp equal to maximum allowable off-state voltage. 

4, The junction-to-ambient value is under worst case conditions; i.e., 
with No. 22 copper wire used for electrical contact to the terminals 
and natural convection cooling, 

5, Junction-to-case steady-state thermal resistance (Rgyc) is tested in 
accordance with EIA-NEMA Standard RS-397, Section 3.3.2, which 
states: “Thermal characteristics are to be measured with the device 
operating in only one direction,” The values listed are the limiting 
value for either direction. 

6. Apparent thermal resistance applies for a 50 or 60 Hz full sine wave 
of current. It can be calculated with the following formula: 


Ty(max) — TC 


PT(AV) 
Ty(max) = maximum junction temperature 
Cc = case temperature 
PT(AV) = average on-state power 


See Figure 7 for Maximum Apparent Transient Thermal Impedance. 


Apparent thermal resistance = 


where: 
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[ typ. [| max. | units | 
°C/Watt 


£ °C/Watt | Junction-to-Case. 
This characteristic is useful in the 
calculation of junction temperature 
rise above case temperature for AC 
current conduction. 
—= | 2.00 Non-Isolated Stud/Press-Fit 
2.20 Isolated Stud 
Non-Isolated TO-3 Flange 
Isolated TO-3 Flange 
Non-Isolated Stud/Press-Fit 
Isolated Stud 
P Non-Isolated TO-3 Flange 
i Isolated TO-3 Flange 
; Non-Isolated Stud/Press-Fit 
: Isolated Stud 
Non-Isolated TO-3 Flange 
, Isolated TO-3 Flange 
: Non-Isolated Stud/Press-Fit 
F Isolated Stud 
7 
? Isolated TO-3 Flange 
‘ Non-Isolated Stud/Press-Fit 
. Isolated Stud 
i Non-Isolated TO-3 Flange 
; Isolated TO-3 Flange 


STUD/TO-3 FLANGE 


$C240, 45, 50, 60,65 | SC241, 46,51, 61, 66 


REF. NOTE 


TEST CONDITIONS 
Non-Isolated Stud/Press-F it 
Isolated Stud 
Non-Isolated TO-3 Flange 
Isolated TO-3 Flange 
Non-Isolated Stud/Press-Fit 
Isolated Stud 
Non-Isolated TO-3 Flange 
Isolated TO-3 Flange 


7. Values for these test conditions are: 


¢ Commutating 6 
Non-Isolated Stud/Press-Fit 
solated Stud 
$C240/SC241 Nomsolated TO-3 Flange 3.2 A/msec. 
Isolated TO-3 Flange 


Non-Isolated Stud/Press-Fit | 80 | 
Isolated Stud 
SC245/SC246) 5 nr O35 Hange | Ot Almsec. 


Isolated TO-3 Flange 


Non-Isolated Stud/Press-Fit | 86 | 
Isolated Stud | 83 | 
$C250/SC251 oo Taos Flange | &0 A/msec: 


Isolated TO-3 Flange | 80 | 
| _80__| 


Nor-Isolated Stud/Press Fit 
Isolated Stud 
Non-Isolated TO-3 Flange 
Isolated TO-3 Flange 
Isolated Stud 
Non-Isolated TO-3 Flange 
Isolated TO-3 Flange 


Package 


00) CO 
w 


$C260/SC261 13.5 A/msec. 


& 
3 
ca 
8 
r 
oo 
a 
nm 
i?) 
+> 
a 
[=% 
~~ 
a 
oO 
172) 
a 
a2 
= 


S$C265/SC266 21.5 A/msec. 


[68] 


STUD/TO-3 FLANGE 


$C241, 46, 51, 61, 66 


© 
an 


115 ‘i r T = 
O8 PRESS-FIT AND 
NON-ISOLATED STUD 


ISOLATED STUD 
AND NON-ISOLATED 
TO-3 FLANGE -——-+ 


85 


NOTES: 

|. CURRENT WAVEFORM IS SINUSOIDAL AT 
SO OR 60 Hz. 

2. CONDUCTION ANGLE = 360° 


3. CASE TEMPERATURE MEASUREMENT POINT AS 
SHOWN ON OUTLINE DRAWING. 


MAXIMUM ALLOWABLE CASE TEMPERATURE, T,°C 
an 
a 


ISOLATED 
TO-3 FLANGE 


MAXIMUM ALLOWABLE CASE TEMPERATURE, T. °C 


38 
a 


i] 
a 


Q 
a 


N 
a 


a 
a 


, 


PRESS-FIT AND 
NON-ISOLATED STUD 


ISOLATED STUD 
AND NON-ISOLATED 


TO-3 FLANGE = 


| NOTES: 


|. CURRENT WAVEFORM IS SINUSOIDAL ISOLATED 
AT 50 OR 6O Hz. TO-3 FLANGE 


2. CONDUCTION ANGLE = 360° 


3. CASE TEMPERATURE MEASUREMENT POINT 
AS SHOWN ON OUTLINE DRAWING. 


55 __ I t L ie { 4 |. el eee De 1 = 
3) 2 4 6 8 10 i2 14 16 ) 5 10 15 20 25 30 35 40 
RMS ON-STATE CURRENT, I1(Rms) AMPERES RMS ON-STATE CURRENT, I7(gms) AMPERES 
$C240/SC241, SC245/SC246, $C250/SC251 $C260/SC261, SC265/SC266 
1. MAXIMUM ALLOWABLE CASE TEMPERATURE VS. RMS ON-STATE CURRENT 
l4r T T TT 50 T T T 7 
2 NOTES: ai NOTES: 
EL. § Tit lore I | & L Tye Nsec 
g 2. CONDUCTION ANGLE = 360° gol. 2 CONDUCTION ANGLE = 360° 
2 3, CURRENT WAVEFORM IS z 
e io SINUSOIDAL AT 50 OR 60 Hz Ed S 3. CURRENT WAVEFORM IS 
= 10 & SINUSOIDAL AT 50 OR 60 Hz SC266 
: 9 $8349 : 
g ‘ fede fs : Z 30 T 4 
a 
[ 3 
9 6 “y 1 = 20 1 | 
WwW oO 
g a 
2 = 10 4 _t 
mew Tr] 2 
= ps3 
a at = L i i 
1. i. aS —t 
= % Bae ae eg ge eg se) cy Ta) is 20. 85 30. 35. ~~ 40 


RMS ON-STATE CURRENT Tims) AMPERES 
$C240/SC241, $C245/SC246 


RMS ON-STATE CURRENT, I7(pms)- AMPERES 
$C250/SC251, $C260/SC261, SC265/SC266 


2. MAXIMUM AVERAGE POWER DISSIPATION VS. RMS ON-STATE CURRENT 


120 7 7) 
£ [ NOTES. Sc245 2 
B I Tj stooec. SC246 & 
id 100--— 2. CONDUCTION ANGLE= 360° ——- — :d 
Fa 3. CURRENT WAVEFORM IS 3 
Fr SINUSOIDAL AT 50, 60 Hz. 5 
a 80 a 
zi | 3 
a a 
a iva 
al 
6 
E shea: 
a a 
ray Mad 
oO oO 
= 40 _ a 
w S 
< 
= UiMtr 7 
wd x 
3 i 3 
0 pe ls wile | 
fo) 10 20 30 40 50 60 


RMS ON-STATE CURRENT, Ir(pmg) AMPERES 
$C240/SC241, $C245/SC246 


3. MAXIMUM AVERAGE POWER DISSIPATION VS 
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el 
t 


600 


NOTES: 
Tj =1I5eC, 
| 2. CONDUCTION ANGLE = 360° 


3. CURRENT WAVEFORM IS 
SINUSOIDAL AT 50, 60 Hz. 


| 


100 150 200 250 
RMS ON-STATE CURRENT, I(RMs) AMPERES 


$C250/SC251, SC260/SC261, $C265/SC266 


300 


- RMS ON-STATE CURRENT (HIGH LEVEL) 


INSTANTANEOUS ON-STATE CURRENT-AMPERES 


+ 


p. 


f\ 
a es CL TE ES 
Ca SI SRE PS POE) Pa 
ES EE ED SS 
ee eS Se 


yfi— ty rt tt 


—— i 
oe 06 10 aCe 
INSTANTANEOUS ON-STATE VOLTAGE-VOLTS 
$C240/SC241 
200 


“STATE CURRENT ~ AMPERES 


+25°C | JUNCTION 
+115°C f TEMPERATURE 


INSTANTANEOUS ON 


15 2.0 25 3.0 3.5 40 
INSTANTANEOUS ON-STATE VOLTAGE-VOLTS 


$C250/SC251 


45 


300 


5.0 


+25°C | JUNCTION 
+115°C J TEMPERATURE 


INSTANTANEOUS ON-STATE CURRENT-AMPERES 


5 10 15 20 2.5 


INSTANTANEOUS ON-STATE VOLTAGE-VOLTS 
$C260/SC261 


3.0 


STUDIOS FLANGE | _PRESSFIT | 
$C240, 45, 50, 60, 65 SC241, 46, 51, 61, 66 


200 T 


T 


too 


+25°C | JUNCTION 
+100°C J TEMPERATURE 


INSTANTANEOUS ON-STATE CURRENT-AMPERES 


Obs lo 15.20. 25 30 35 40 45 50 
INSTANTANEOUS ON-STATE VOLTAGE-VOLTS 
§$C245/SC246 


NOTES: 
1. ItM = 1 msec. wide pulse, duty cycle < 2%. 


2. Curves apply for either polarity of main termina! 2 refer- 
enced to main terminal 1. 


300 


+25°C | JUNCTION 
+115°C J TEMPERATURE 


INSTANTANEOUS ON-STATE CURRENT-AMPERES 


O.l = 7 I 
0 0.5 Ke) (5 2.0 25 3.0 
INSTANTANEOUS ON-STATE VOLTAGE-VOLTS 
$C265/SC266 


4. MAXIMUM ON-STATE VOLTAGE VS. ON-STATE CURRENT 
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STUD/TO-3 FLANGE 


NOTE: 
SHADED AREA REPRESENTS LOCUS OF ALL POSSIPLE DC (220us) 
o GUARANTEED TRIGGERING POINTS FROM -40°C TO +115°C 


20 + 1 + a PK. INST, GATE PWR. 
PEAK! INSTANTANEOUS GATE RECOMMENDED GATE CIRCUIT LOAD DISSIPATION EO. 
‘a POWER DISSIPATION EQUALS 4 | LINE FOR PULSE TRIGGERING 1OW MAX. 
10 WATTS MAXIMUM FOR 10 —7——}-—— “4 ——— 
e MICROSECONDS PULSE WIDTH 2 soe 
o 6 +——+ +—+ 4 360 
> A 
' 2 rd 
W 
= 40 
a '4 T r T 3 semua var ws on 
a pas LB 1Thh db ba ava ARS 
ge ts | Bel pA AAA Nalttcenealy 
yw > V ] 
W 0 18 GGG 
z 10 +—t + +— "0 OS & VGA WA AA 
TE: ‘| 410 LMA CDMIM ADA 
7) NO OO NOC eA CITRON ROP AY AO AOE 
=> 8 SHADED AREA REPRESENTS LOCUS D 0.8 555554555 EL SEAR AS BoA 
8 OF ALL POSSIBLE OC (> 20 MICRO- 2 ye LDL OOS 2277 
2 SECONDS) GUARANTEED TRIGGERING 8 8b LEO LALES (4A, Ae 
é 6 POINTS FROM-40°C TO +100°C. z 04 CULO Og A Serttn 
= = GUGOZ 
b RECOMMENDED GATE = Lhd 202 or 
F4 CIRCUIT LOAD LINE a ae 
FoR 2“) MAX. GATE VOLTAGE THAT -40°C MODE IV 
WILL NOT TRIGGER ANY 25°C MODE IV 
UNITS AT 115°C, O.25V. 740°C MODES |, i, I 
% 0.5 oO 15 2.0 25 3.0 35 Og; 02 04 “06 0801 02 2 04 06 081, Ke) 2.0 4.0 
INSTANTANEOUS GATE CURRENT ~ AMPERES INSTANTANEOUS GATE CURRENT-AMPERES 
$C240/SC241, SC245/SC246, $C250/SC251, SC260/SC261 $C265/SC266 


5. GATE CHARACTERISTICS AND RATINGS 


r 
ra] id T 
Fa ww a 
la y 7 7 
= 250 3 250 +4444 
a Z 4 > 
# 200 + 200 oe eee 
5 5 
5 iw +++} 
& 150 & 150 +444 
3 rs) 
wi w a 
EK BE 
< 100 g 100 
% : 
a 50 a 50 
1 + 
fe) See Less es ea 0 at 
o123 4 5 6 7 8 9 10 it 12 13 1415 16 I7 18 19 20 o'123 45 678 910 tl 12 1314 15 617 18 19 20 
GATE PULSE WIDTH-MICROSECONDS GATE PULSE WIDTH-MICROSECONDS 
$C240/SC241, SC245/SC246, SC250/SC251 $C260/SC261 


NOTES: 


1. Rectangular gate current pulse applied. 

2. Rise and fall times equal to or less than 10% of gate 
pulse width. 

3. Main terminal voltage = 12 vdc, load resistor (see char- 
acteristic table). 

4. Applies for ail three guaranteed trigger modes. 


See | 
a LPS TTT 
CCPC SSE 
Ee Beis sae ae ler iro 


o'123 456 *¥ 8 9 10 if 12 13 14 15 16 17 18 19 20 
GATE PULSE WIDTH-MICROSECONDS 


SC265/SC266 


PEAK GATE CURRENT-MILLIAMPERES 


6. MAXIMUM GATE TRIGGER CURRENT VS. GATE PULSE WIDTH 


1400 


2.8-—\7 T 
] ryt Hil i ISOLATED il 
5a L TO-3 FLANGE 
| AS 
20 KE 


ies 


STUD/TO-3 FLANGE 


$C240, 45, 50, 60,65 | SC241, 46, 51, 61, 66 


rt 16 ay FLANGE i 
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‘ ESS-FIT AND ? 
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b + 7. oO i > 
aC fi ] ih ISOLATED STUD Zz l PRESS-FIT AND 
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« TO-3 FLANGE Bis 
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06 
9 4 10 40 100 400 1000 4000 10900 ! 4 10 40 =100 400 1000 4000 10000 
NUMBER OF SINE WAVE CURRENT CYCLES NUMBER OF SINE WAVE CURRENT CYCLES 
$C240/SC241 $C245/SC246 
20 1.8 


ISOLATED 
TO-3 FLANGE Ty 


PRESS-FIT AND 
NON ISOLATED STUD 


ISOLATED STUD 
AND NON-ISOLATED 
TO-3 FLANGE 


THERMAL IMPEDANCE °C/ WATT 


06 | 4. 10 40. 100 400 1000. 4000 10900 
NUMBER OF SINE WAVE CURRENT CYCLES 
$C250/SC251 


ISOLATED STUD 
AND NON-ISOLATED 
TO-3 FLANGE 


PRESS-FIT AND 
NON-ISOLATED STUD| 


THERMAL IMPEDANCE °C/WATT 


! 4 10 40 100 400 1000 4000 10000 
NUMBER OF SINE WAVE CURRENT CYCLES 
$C265/SC266 


THERMAL IMPEDANCE °C/WATT 


PRESS-FIT AND 


ISOLATED 
1 TO-3 FLANGE }4 


NON-ISOLATED STUD 


ISOLATED STUD 
AND NON-ISOLATED| 
TO-3 FLANGE 


o 
@ 


° 
gn 


4 10 40 100 400 1000 


NUMBER OF SINE WAVE CURRENT CYCLES 


$C260/SC261 


NOTES: 


1. 


Curves define temperature rise of 
either junction above case tempera- 
ture for equal amplitudes symmetrical 
sine wave current at 50 and 60 Hz. 
Curve considers junction temperature 
measured immediately after the final 
cycle of current, 

Gate will regain control if temper- 
ature is maintained below rated value 
and load current is reduced or main- 
tained at RMS value. 


For more than 100 cycles of current 
the case temperature rise must be ob- 
served and used in calculating the tot- 
al junction temperature. 


Junction temperature rise above case 
is defined as apparent transient therm- 
al impedance times average conduc- 
tion power dissipated during full cycle 
conduction. 

Apparent steady-state value is nat the 
same as JEDEC value listed as steady- 
state in characteristics table. 


7. MAXIMUM APPARENT TRANSIENT THERMAL IMPEDANCE 


1401 


4000 10900 


1, = AMPERE® SECONDS 


PEAK SURGE (NON-REP) ON-STATE CURRENT 


STUD/TO-S FLANGE | __PRESSFIT 


SC240, 45, 50, 60,65 | SC241, 46, 51, 61, 66 
100 


70 


60 


50 


5O;- CURRENT WAVEFORM. 


IMMEDIATELY FOLLOWING THE SURGE 
GURRENT INTERVAL. 


2. CURRENT OVERLOAD MAY NOT BE REPEATED 
UNTIL JUNCTION TEMPERATURE HAS RE TURNED 
TO WITHIN STEADY-STATE RATED VALUE. 


NOTES: 
\ gore |. GATE CONTROL MAY BE LOST DURING ANO 


ist CURVES APPLY FOR EITHER POLARITY 


je pee 
456 8 10 20 30 40 60 80100 
NUMBER OF FULL CYCLES 


$C240/SC241, SC245/SC246, $C250/SC251 


2 3 


8. MAXIMUM ALLOWABLE FULL CYCLE SURGE CURRENT FOLLOWING RATED LOAD CONDITIONS 


SC265/266 


NOTES: 


OF MAIN TERMINAL 2 REFERENCE TO 
MAIN TERMINAL 1. 


2. CURVES APPLY FOR HALF SINE WAVE 


t 2 3 4 5 6 7 


PULSE BASE WIDTH-MILLISECONDS 
9. 1?t RATING FOLLOWING RATED LOAD 
CONDITIONS 


WH 


PEAK SURGE (NON-REP} ON-STATE CURRENT 


CYCLE SURGE (NON-REP) 


ON-STATE CURRENT -AMPERES 


PEAK SUB- 


TABLE 


ERE: 


w 
n 
Oo 


m 
(e) 


ny 
° 
fe) 


IMMED 


2. CURRE 
UNTIL 


NOTES: 

). GATE CONTROL MAY BE LOST DURING AND 
ATELY FOLLOWING THE SURGE 
CURRENT INTERVAL. 
NT OVERLOAD MAY NOT BE REPEATED 
JUNCTION TEMPERATURE HAS RETURNED 
TO WITHIN STEADY-STATE RATED VALUE. 


a 


7 TT 


150 


50 


i 


2 


=! L ee i. 
3 456 810 20 
NUMBER OF FULL CYCLES 


L 
30 40 


$C260/SC261, SC265/SC266 


tii t | 
60 80 100 


. CURVES APPLY FOR EITHER POLARITY 


OF MAIN 


TERMINAL 2 REFERENCE TO 


MAIN TERMINAL |. 
2. CURVES APPLY rer HALF SINE WAVE 


CURRENT WAVEFORM 
1. 


an wl 


J 


707 


2. FOR FULL WAVE CONDUCTION 
disdtrey = Irirms)W 


Gi/dtic) IS IN AMPERES/MILLISECONDS 


Tr (Rms) 'S IN AMPERES 


2 3 4 


5 


zl 
6 


PULSE BASE WIDTH-MILLISECONOS 
10. SUB-CYCLE SURGE FOLLOWING RATED 


LOAD CONDITIONS 


= 
= SEE NOTE 4 OF CHARACTERISTICS Cy 


NORMALIZED TO DEVICE RATED COMMUTATING di/dt 


to 


20 


50 


5 
TYPICAL COMMUTATING dv/dt ~VOLTS/MICROSECOND 


100 


11. NORMALIZED DEVICE RATED COMMUTATING 
di/dt VS. COMMUTATING dv/dt (Typical Values) 
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OUTLINE DRAWINGS 
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FIGURE A FIGURE B 
(Flag MT1 Terminal!) 


(Pierced MT1 Terminal) 


ISOLATED STUD 
TYPE 2 


ISOLATED TO-3 FLANGE NON-ISOLATED TO-3 FLANGE 


TYPE 4 


VIEW SHOWING 


WITH PRESS-ON 
- MT2 TERMINAL 


WITH SOLDER 
RING MT2 
TERMINAL 


STUD/TO-3 FLANGE 
$C240, 45, 50, 60, 65 $C241, 46, 51, 61, 66 


MT1 TERMINAL SPECIFICATION 
Amperes | MT1 Terminal 
$C245/SC246 —i- 

15 

25 

40 


See Figure A 


See Figure A 
See Figure A 


$C250/SC251 
$C260/SC261 


SC265/SC266 


See Figure B 
See Figure B 


Device current rating determines the standard MT1 terminal sup- 
plied on all hermetic triac package variations. Devices rated less than 
25 Amperes RMS will be supplied with a pierced terminal as shown 
in Figure A. Devices rated 25 Amperes RMS and above will be 
supplied with a flag terminal as shown in Figure B (1), 


MAIN TERMINAL 2 
(CASE) 
2 


3 
GATE ' 


MAIN TERMINAL |! 
TERMINAL ARRANGEMENT 


ISOLATED STUD 
TYPE 3 


VIEW SHOWING 
TERMINAL 2 


INCHES METRIC MM INCHES 


_[__ METRIC MM 


NOTES: 


SYMBOL 


1. Outline drawings and table dimensions are given for devices 
with the MT1 flag terminal (Fig. B). To calculate the height 


of devices with the MT1 pierced terminal (Fig. A}, subtract 


0.282 inches (7.100 mm) from table data. 


2. Case temperature is measured for press-fit devices at the cen- 


ter of the base; for stud types 1, 2 and 3 at the center of any 


hex flat; for TO-3 outline mounting flange types 4 and 5 at 


the center of the bottom of the flange. 


3. One external tooth lock washer and one nut (both steel, 


cadmium plated) are supplied with each stud and isolated 


Zleleix|<_jzlajalmlololaj> 


stud unit. 


4. Insulation hardware for stud devices consisting of solder 


terminal, mica washers and one nylon bushing are available 


at extra cost upon request. 


5. Other standard package variations are available upon request. 


6. Metric stud 8mm x 1.25 (.315 in. x .049 in.) is available 


£l<|alw|2ZJo\o 
g 


WARNING 
Isolated products described in this specification sheet should be handled with care, The ceramic portion of these thyristors 


contains BERYLLIUM OXIDE as a major ingredient. 
Do not crush, grind, or abrade these portions of the thyristors because the dust resulting from such action may be hazardous if inhaled. 


upon request. 
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STUD/TO-3 FLANGE 
SC240, 45, 50, 60, 65 


SC241, 46, 51, 61, 66 


HERMETIC TRIAC PART NUMBER DESIGNATION 


SC2 40 B2 


HERMETIC TRIAC WITH POWER-GLAST™ CHIP / 


CURRENT RATING & PACKAGE STYLE 


40 = 6 A RMS Stud/TO-3 Flange 
41 = 6A RMS Press-Fit 
45 = 10 A RMS Stud/TO-3 Flange 


46 = 10 A RMS Press-Fit 
50 = 15 A RMS Stud/TO-3 Flange 
51 = 15 A RMS Press-Fit 
60 = 25 A RMS Stud/TO-3 Flange 
61 = 25 A RMS Press-Fit 
65 = 40 A RMS Stud/TO-3 Flange 
66 = 40 A RMS Press-Fit 


\ \_STUD/TO-3 FLANGE PACKAGE VARIATIONS 


VOLTAGE RATINGS 


B = 200 Volts None = Non-lsolated Stud Mount 
D = 400 Volts 2 = Isolated Stud Mount with 
E = 500 Volts Press on MT2 Terminal 

M = 600 Volts 3 = Isolated Stud Mount with 


Solder Ring MT2 Terminal 
4 = Isolated on TO-3 Outline 
Mounting Flange 
5 = Non-lsolated on TO-3 Outline 
Mounting Flange 
6 —9 = Other Standard Variations 


MOUNTING CONSIDERATIONS 


Installation of Press-Fit Device in Heat Sink 


When press fitting a Triac into a heatsink, the following specifica- 

tions and recommendations apply: 

1. Heatsink materials may be copper, aluminum, or steel. For 
maximum heat transfer and minimum corrosion problems, 
copper is recommended. The heatsink thickness, or amount of 
heatsink wall, in contact with the Triac should be 1/8 inch. 

2. The hole diameter into which the Triac is pressed must be 
0.4975 + .001 inch. A slight chamfer on the hole should be 
used. This hole may be punched in a flat plate and reamed, or 
extruded and sized in sheet metal. 

3. The entire knurled section of the Triac should be in contact 
with the heatsink to insure maximum heat transfer. The Triac 
must not be inserted into a heatsink deeper than the knurl height. 

4. The Triac insertion force must not exceed 800 pounds, If the 
insertion force approaches this value before complete insertion, 
either the Triac is misaligned with the hole or the Triac-to-hole 
interference is excessive. The insertion force must be uniformly 
applied to the top face (terminal end) of the Triac within an 
annular ring which has an inside diameter of not less than 0.370 
inch and not larger than 0.390 inch; the outside diameter of the 
insertion force must not be less than 0.500 inch. 

5. The thermal resistance between the Triac case and a copper 
heatsink will not exceed 0.5°C/W, if the Triac is inserted in the 
manner described. 


Soldering of Press-Fit Package to Heat Sink 


The press-fit package may be soldered directly to a heatsink using 
60/40 (Pb-Sn) solder at a temperature of about 200°C. 


Attachment of Press-Fit Device to Printed Circuit Board 

For certain light load applications, the Triac can be inverted and, 
using a special brass bracket (A7149451), dip-soldered into a printed 
circuit board, The feet on the bracket act both as a mechanical 
support and Main Terminal 2 (case) electrical connection. For Triacs 
preassembled into the bracket, add —X24 to the type number, for 
example, §C251BX24. 


PRINTED 


4] ¢ CIRCUIT BOARD 
ball 
LLLL LN 9) 
pip SOLDER _/ ALLS CONNECTION 
NN 
SOLDER ALL 3°CONNECTIONS 
BOTTOM VIEW 
OF ASSEMBLY 
BEFORE 
MOUNTING 
TO BOARD 


Attachment of the Stud & Isolated Stud Device To a Heat Sink 
These devices require certain precautions in order to insure good 
thermal transfer. The chassis hole must be drilled and deburred, and 
should be between .005 and .015 inches larger than the stud outside 
diameter, The use of a Torque wrench is highly recommended and 
must be used within the torque limits indicated on page 2. A good 
grade of silicone grease will minimize contact thermal resistance, 


OTHER TRIAC, TRIGGER AND APPLICATION INFORMATION AVAILABLE FROM GENERAL ELECTRIC 


PUBLICATION 
NUMBER TRIAC SPECIFICATION SHEETS 
175.13 $C136 (Power Tab Triac) 
175.35 Power Pac Triacs 
TRIGGER SPECIFICATION SHEETS 
175.30 $T2 (Diac) 
175.32 ST4 (Asymmetrical AC Trigger) 
65.32 2N4992 (Silicon Bilateral Switch) 
RELIABILITY REPORT 
95.29 Glassivated Triac Reliability Report 


PUBLICATION 
NUMBER APPLICATION NOTES 
200.32 A Variety of Mounting Techniques for Press Fit 

Devices 

200.35 Using the Triac for Control of AC Power 
200.51 Better Room Conditioning Via Solid State Controls 
200.53 Solid State Incandescent Lighting Controls 
201.12 500 Watt AC Line Voltage and Power 
201.19 RF Filter Consideration for Triac & SCR Circuits 
201.24 Thyristor Selection for Incandescent Lamp Loads 
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__ Diac 7 
Silicon Bidirectional Trigger 


The DIAC is a diffused silicon bi-directional trigger diode which may 
be used to trigger the G-E TRIAC or Silicon Controlled Rectifiers. 
This device has a three-layer structure having negative resistance 
switching characteristics for both directions of applied voltage. 


VOLT — AMPERE CHARACTERISTICS 


FOR RIGHT ANGLE, BENO OF 
LEAOS, ALLOW 1/8" MINIMUM DISTANCE 
BETWEEN HOUSING AND RADIUS OF BEND 035 


ee OA 
: “(eo (c) sto f+ 
MAX 
4 
100 MIN —|—.200 MAX — 


Tstg —40°C to +150°C 
Ty —40°C to +100°C 


Storage Temperature... 0.0. ee eee ee et eee eee tees 
Operating Temperature... eee ee eee tte eens 


MAXIMUM RATINGS at 50°C Ambient 


Ip +2 Amperes Max. 


Peak Current (10 usec duration, 120 cycle repetition rate)... 6. ee ee ee eee ee 
£3 > Volts Min. 


Peak Output Voltage*. 2... 6. ee ne eee eee ee ees ep 


*CIRCUIT FOR PEAK OUTPUT VOLTAGE TEST 


DIAC 


60% 


O.l af 
120V 
t ae 


CHARACTERISTICS at 25°C Ambient 


a 
Breakover Voltage V(BR); 22d V(BR)2 


Breakover Voltage Temp. Coefficient bens oe eo 2 he a 
a a Ta, 


Breakover Voltage Symmetry }V(BR)\|- |V(BR)2| ae ae 
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Silicon 
Asymmetrical ST4 
AC Trigger 


The ST4 is an asymmetrical AC trigger integrated circuit for use in triac phase controls. 
This device greatly reduces the snap-on effects that are present in symmetrical trigger 
circuits and minimizes control circuit hysteresis. This performance is possible with a 
single RC time constant, whereas a symmetrical circuit of comparable performance 
would require at least three additional passive components, 


+ ce 
The ST4 is available in a two leaded TO98 type in-line epoxy package. oe has 
= Be NOTET | 
ra = 
fal SeaTi ALAGE 
FEATURES a 
8 : 2 R . avano INCHES | _MILLIMETERS ] 
© Reduces Circuit Complexity @ Low Switching Current (80uA) oe Lae ae YS 
(Minimum Parts Count) @ Wide Range of Control He a 
®@ Hysteresis—Free Control @ Low Cost Packaging 4 pose es Last ner 
oP 09s. Poss “Tina 1.40 
L 500 12.70 | 
ae] 086 “Tors, [140 |" v.80 } 
* 080 5 2.03 2.92 
Cu [cox 094 | 794, 2.38 
PERFORMANCE 
0 ‘. A 5 Me a ft me NOTE I: LEAD DIAMETER 1S CONTROLLED IN THE 
A typical triac phase-control circuit is shown in figure 1 along with the symmetrical ZONE. BETWEEN O70 ONG s280.t fou The Seen 
trigger characteristics OF 02 bis MELD) 
Its main disadvantage is the snap-on hysteresis exhibited in figure 2. PERCENT 
DECREASING R APPLIED 
a TO LOAD 
: TRIAC 2 uve ff \ f/f \ f/f \ “i 
x) VOLTAGE 
Vg v vr 
os aun PV AL 
on "SNAP ON” 
TRIGGER N HYSTERESIS 
iz io FOAD een CA — ° Eee ae Cee 
GGE VOLTAGE ] 7 ° 
CHARACTERISTICS ie is scacent . 
Figure 1, Typical triac phase-control circuit with hysteresis. Figure 2. Typical waveforms illustrating hysteresis effeci. 


Using a lamp dimmer as an example, the light “snaps on” to moderate brightness, although a gradual increase in brightness is 
both expected and desired. During each half-cycle of AC voltage, the capacitor C is charged through the resistor R and while 
the trigger is not firing, the capacitor voltage lags line voltage by approximately 90°. However, once the trigger device fires, 
the capacitor voltage drops as it,is discharged into the triac gate. During the next half-cycle, the capacitor voltage will now 
exceed the breakover voltage sooner since it started charging from a lower voltage. This action results in a large step in the 
transfer function of figure 2, This snap-on effect can be eliminated with additional circuit components, usually 2 resistors and 
a capacitor. LOAD VOLTAGE 
DECREASING R_, 


bay o 
Ww 
LINE 80 
VOLTAGE ? 
a 
5 
Vs2 v. 2 
ee ne | T 40 
Vg) CAPACITOR z 
VOLTAGE w 
[4 
WwW 
-VT * 06 ——— 
ASYMMETRICAL SWITCH wo 75 50 2 oO 
Pee conn I TRIGGER CIRCUIT WAVEFORMS PERCENT R 
Figure 3. Typical triac phase-control circuit with an asymmetrical switch. Figure 4. Hysteresis-free, cost-optimized, circuit performance. 


A superior and more economical way to eliminate this hysteresis is to use the ST4 trigger device. The ST4 is constructed such 
that when the device triggers for the first time, the triggering voltage on the next half-cycle is equal to the original breakover 
voltage plus the voltage decrease due to the capacitor discharge into the triac gate. This allows the capacitor voltage to main- 
tain the same time relationship with line voltage and thus the same firing angle. These concepts are shown graphically in 
figures 3 and 4. 


Further discussion of hysteresis, device operation, and light dimming can be found in: 


1. GE SCR Manual, chapters 7&9. 2. 200.35 Using the Triac for the Control of AC Power, 3. -200.53 Solid State 
Incandescent Lighting Control. 1406 


absolute maximum ratings: (25°c) 


CURRENT TEMPERATURE 
Ip, Continuous ... 1... . eee ee ee eee 200 ma Operating junction ST4 
Ip Pulsed (PW = 2ys, temperature range... 2... eee eee —55°C to +125°C 
Duty Cycle $ 10%)........... 500 ma Storage temperature range .......-- —55° to +150C 
I,2 Pulsed (PW = 2us, : 
Duty Cycle <10%)........00% 175 ma Lead temperature (during 


soldering) at distance 2 
POWER. 1/16 ins. (1.59 mm) from 
Total Average*. ©... ee ee ee ees 350 mW case for 10 sec. MaX. 2. eee 260°C 


*Derate power 3.5 mW/°C above 25°C 


electrical characteristics: (25°C) 


Switching Voltage 


Switching Current 

Ta = —55°C 
Voltage Drop I,2=100mA 

I5,=100mA 
Off-State Current V42 = 10 Volts 

Vo1= 5 Volts 
Switching Voltage .C : Ty =—55°C to 
Temperature Coefficient +125°C 
Turn-on Time - See Circuit 1 
Turn-off Time See Circuit 2 
Output Pulse : See Circuit 3 


Circuit 1 
Turn-on Time, ton 


MERCURY 
RELAY 


ANODE VOLTAGE 


ton 12 (high side) Vp = 20V 
ton 21 (low side) Va =—12vV 


Circuit 2 Circuit 3 
Turn-off Time, to¢¢ Peak Pulse Amplitude, Vg (Both Directions) 
totf 12 (high side) Va = 20V 
Ve z5V 
Meare tote 21 (low side) Va = —12V Pere 
R, Vp =—12V 10K lB 


200 


eu 


VIN 
| i 
> he—10mS MIN | 


| 6 


TURN OFF TEST: Ry = Ro = 5008 
C1 ADJUSTED TO POINT WHERE 
TURN-OFF JUST OCCURS 


tote (Ra + Ra) Cy 
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100 E —J +t = maecine t =a 
int | Co fede 
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ENERGY- » JOULES 
T 
YE 
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| 
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4 
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FIGURE 5. ST4 ELECTRICAL 
CHARACTERISTICS 


yt t+ 


ron) 4. a eo 


Ol 0.1 1.0 
CAPACITANCE - » FARADS 
FIGURE 6. CAPACITIVE DISCHARGE ENERGY 
(PER PULSE) VS. CAPACITANCE (TYPICAL) 


| 
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AMBIENT TEMPERATURE ~ °C 


FIGURE 7. SWITCHING CURRENT VARIATION 
WITH TEMPERATURE (TYPICAL) 


10 7 / TT | _ Dopo 
R=i00 OHMS 
SSS errs 
w R=50 OHMS 
a6 si on oot 
to} ——) 
> R= 20 OHMS 
a 
wn 
5 
a ai 
°° F oH 
2 + | ++ t+ 414 
° L. i | 1 titi ms Cs a 
Ol 0.1 1.0 10. 


CAPACITANCE -yF 


FIGURE 8. OUTPUT PULSE (EITHER DIRECTION) AS A FUNCTION 
1408 OF LOAD RESISTANCE AND CHARGING CAPACITANCE (TYPICAL) 


ST4 


00 


80 


70 


50 


PERCENT LOAD POWER 


i 
[-)s 

30 v > 4+—___+——_ 
% 


20+ 


| ; 
ie} 50 100 160 200 250 300 
R IN KILOHMS 


FIGURE 9. OUTPUT POWER TO LOAD VS. CONTROL 
RESISTOR VALUE (25°C) 


USE THE ST4 ASYMMETRICAL AC TRIGGER WITH A TRIAC SELECTED 
FROM GE’S COMPREHENSIVE LINE. 


SC35/36 
SC40/41 
SC240/241 


SC141/146 
SC45/46 
SC245/246 
$C50/51 
$C250/251 
$C60/61 
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Silicon 
Diodes 


STABISTORS 


STB567, 8,9 


These low-cost General Electric Stabistors are multi-pellet diodes which have a tightly 
controlled conductance at Ir = 10mA. They consist of 2, 3, or 4 planar passivated epi- 
taxial diode pellets in series, mounted in a subminiature double-heatsink package. The 
STB567, STB568, and STB569 are examples of such diodes with 2, 3, and 4 pellets 
respectively. These diodes can be used as low voltage regulator diodes or to maintain a 
bias on the output transistor of push-pull amplifiers. Multi-Pellet Stabistors maintain 
LINEAR temperature response (in millivolts per degree C) over the ambient tempera- 
ture range of —55°C to +175°C. Nominal change in voltage for the STB567, STB568, 
and STB569 is 4mV, 6mV, and 8mV respectively for each degree C change in ambient 
temperature. 


absolute maximum ratings: (25°C) (unless otherwise specified) 


Voltage 

Reverse (continuous) 12 volts 
Power 

Dissipation 400 mW 

(Derate: 2.67 mW/°C for Ambient Temperature 
above 25°C) 

Temperature 

Operating —65 to +175 °C 

Storage —65 to +200 °C 


Lead (4% + % inch from 300 °C 
case for 10 sec) 


electrical characteristics; (25°C) (unless otherwise specified) 


STB567 STBS68S 
Min. Max. Min. Max. 
Forward Voltage* 
Ir = 10mA 1.31 1.61 2.09 2.31 
Breakdown Voltage 
Te = BA 12 12 


*Forward Voltage Tolerances: 


STB567 1.46 + 10% 
STB568 2.20+ 5% 
STB569 287+ 5% 
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NOTES 
1, ALL DIMENSIONS ARE IN INCHES AND ARE REFERENCE 


162 
1.260 + a7 —— 
o2ze 
ry 


oh 
ore (ae mt t ‘ | = 
Es A= os 


ose ner vad 


CATHOGE END NOTE 
ALL OIMENSIONS, 
WINCHES. 


$TB567 


032 REF, owt 


CATHOOE END NOTE 


ALL DIMENSIONS. 
IN INCHES 


STB568 


5 1 ) 
| O75 
[pps “ae 
ose ner oad en = 


CATHODE END -—~ NOTE 
ALL DIMENSIONS 
IN INCHES 


STBS69 


UNLESS TOLERANCED 


STBS69 
Min. Max, 


2.72 3.01 Volts 


12 Volts 


Press Pak SERIES 1000 
Mounting Clamp 


800 LBS. 


3.52 KN CLAMP FORCE 


The General Electric Company now offers the Series 1000, Press Pak, Mounting Clamp 
designed to facilitate single or double-side cooling of the 4" GE Press Pak’s. 


Special features of this clamp: 

© Hardened Steel pivot insuring constant pressure in rugged applications 
over long periods. 

© One-piece phenolic insulator gives added 1/2” creep distance. 

© Use of special Force Indicator Gauge eliminates need for torque 
wrenches, inaccurate “flex’’ gauges, and guesswork. 

© Various bolt lengths available to accommodate most mounting situations. 

© No loose parts to complicate assembly. 

© Stiffening brace to reinforce heat sink available upon request. E 

@ Single-side cooling terminal available upon request. 

© Positive, non-binding swivel action. 


TABLE | DIMENSIONS 


MAX. MAX. 
2.135 | 53.72 OUTLINE DRAWING 
74.54 | 75.31 


21.97 


> | 


21.72 


MN 
o 
a 


3 .770 18.54 


~ 
i¢t) 
a 


12.19 
19.43 


INSULATOR 


65 18.66 
765 18.66 


2.790 68.83 


2.197 | 55.30 
|_16:37 | 
|_ 9.95 | 


BOLT 


sal: 
Ww 
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> 

°o 
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© 
ee} 
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4-20 
LOCKNUT 


TERMINAL 


Notes: 

1. The back up brace should be used when the mounting web of the heatsink is not sufficiently thick to prevent the heatsink from bending when the 
clamp is tightened. Extruded aluminum heatsinks with mounting webs less than 1/4 require this brace. ; : 

2. The semiconductor device to be mounted must be positively located in the center of the clamp. A I /8 diameter by 1/4 long grooved or spring pin 
is recommended for locating the device. Use a #30 drill (.1285 diameter) for the hole in the heatsink. 

3. When using brace add 3/4” to required “7” dimension to accommodate brace thickness. 

4 


_ Minimum heatsink web thickness should be 5/16” to insure positive pressure. 
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SERIES 1000 


MOUNTING PROCEDURE 


With the semiconductor positively located in place on the heatsink(s) To Calibrate Force Gauge: 
(refer to Note 1 of Table I), place the clamp in position with the bolts ; f bei f calibration due to wear or 
through the holes in the heatsink(s), and proceed as follows: ioe aon . Pane sige age ete 
1. Refer to Device Specification Sheet for Preparation of Mounting : 
Surface. 


2. Tighten the nuts evenly until finger tight. 

3. Tighten each bolt % turn, using a 7/16 socket wrench on the bolt OW 
heads. & | 

4. Place the Force Indicator Gauge firmly against the springs, as >| je 0.300 
shown on the Outline Drawing, so that both ends and the middle 
are in solid contact with the springs. The holes of the gauge will 
then indicate the spring deflection, or force; correct mounting 
force is indicated when the holes coincide. 


Examples: 
{ Holes Lined Up 
fo) 
TRUE FLAT SURFACE 
Less then rated f Cc f Excessive force. Loose )—— (OR STRAIGHT EDGE) 
ess then rated force. ct i xcessive force. Loosen —_——— 
Tighten nuts alternately rae nuts and = start over. SLAL Litt LLL LLL. ELLE. 2 < 
% turn at a time until NEVER try to adjust 
points coincide. spring force by backing 


off the nuts, spring fric- 

tion will produce false 

readings. Always start If the points are not 0.300 + .010 apart, calibrate the gauge by filing 
at Step 1. the bottom contact points. 


ORDERING INSTRUCTIONS 


In order to select the proper clamp for a given application, it is necessary to know three mounting parameters: 
e The correct force necessary to mount the semiconductor device. 
© The length of the bolts necessary to span dimension “Z”’. 
e The capability of the sink to withstand the mounting force without bending (refer to Note 1 of Table I) 
Knowing these parameters, the proper clamp may be selected from Table II. 


TABLE II — CLAMP SELECTION CHART 


GE Device Recommended Clamp Allowable ue) Dimension 
Type!4) # Springs Mounting Force Force (inches) 


Order Number!2,3) 


Bolt Length 
(inches) 
2.00 


C350, C354 .800-1.175 HW1000G101 

C355, C358 .900-1.425 2.25 HW 1000G102 
700-900 (Lb. 700-900 (Lb.) 

C380, C385 at a0 (KN) BAGLO TAI 1.150-1,675 HW1000G103 

A390, A396 1.250-1.925 HW1000G 104 


1.500-2.175 HW1000G 105 


Phenolic temperature beyond 125°C and spring temperature above 110°C is not permissible. 
Minimum heatsink web thickness should be 5/16” to insure positive pressure. 


Refer to Outline Drawing and to Note 3 of Table I for determination of “Z” dimension. 

If a brace is required, add suffix “B” to the order number, e.g. HW1000G101B. 

If a terminal is required (used with single side cooling), add the letter “‘T’’ to the order number, e.g. HW1000G101BT, 
All group numbers or bolt lengths can be used with any device types. 


fee. 
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Press Pak 


Mounting Clamp 


2500 LBS. 


11 KN \ cLamp FORCE 


The General Electric Company now offers the Series 2500, Press Pak, mounting clamp 
designed to facilitate single-, or double-side cooling of all GE Press Pak’s. 


Special features of this clamp: 


© Metal pivot insuring constant pressure in rugged applications over long periods. 
@ One-piece phenolic insulator gives 1” nominal creep distance. 
© Use of special Force Indicator Gauge eliminates need for torque wrenches, in- 


accurate “flex’’ gauges, and guesswork. 

Various bolt lengths available to accommodate most mounting situations. 
No loose parts to complicate assembly. 

Stiffening brace to reinforce heat sink available upon request. 

Single-side cooling terminal available upon request. 


Positive, non-binding swivel action 


OUTLINE DRAWING 
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TERMINAL ‘ = a 
NOTES: Poe 


FORCE GAUGE 
IN POSITION —+/ \ \ 


TY PICAL 
MOUNTING 


1. The backup brace should be used when the mounting web of the heatsink is not sufficiently thick to prevent the heatsink from behding when the 


clamp is tightened. Extruded aluminum heatsinks with mounting webs less than 3/8” thick require this brace in order to withstand the full 2500 
Ibs. mounting force. Refer to MOUNTING PROCEDURE for complete mounting instructions. 


2. Heatsink A: Drill .890, + .020, — .000 holes on 3.1” + .010 centers..Countersink holes approx. .015 x 45° on clamp insulator side. 
Heatsink B: Drill .437 + .005 holes on 3.100 + .010 centers. 


3. When a brace is used, the “‘Z” dimension includes the one inch thickness of the brace. Refer to Table 11 for selection of the proper bolt length. 
4. The semiconductor device to be mounted must be positively located in the center of the clamp. A 1/8” diameter by 1/4” long grooved or spring 


pin is recommended for locating the device: Use a No. 30 drill (0.1285” diameter) for the hole in the heatsink. 


SERIES 2500 


MOUNTING PROCEDURE 


With the semiconductor positively located in place on the heatsink(s) To Calibrate Force Gauge: 
(refer to Note 4 of Table 1), place the clamp in position with the bolts 
through the holes in the heatsink(s), and proceed as follows: 
1. Refer to Device Specification Sheet for Preparation of Mounting 
Surface, 
2. Tighten the nuts evenly until finger tight. 
3. Tighten bolts 2% turns each, using a 9/16 socket wrench on the +010 
bolt heads. >| je 0.300 
4. Place the Force Indicator Gauge firmly against the springs, as 
shown on the Outline Drawing, so that both ends and the middle 
are in solid contact with the springs. The upper points of the 
gauge will then indicate the spring deflection, or force; correct 
mounting force is indicated when the points coincide. 


If the gauge is suspected of being out of calibration due to wear or 
damage, check it on a flat si:rface as shown below. 


Examples: 
| Points Lined Up | | 
TRUE FLAT SURFACE 
Less than rated force. Correct force. Excessive force. Loosen {OR STRAIGHT EDGE) 
Tighten nuts alternately nuts and start over. FEB OS «a Pw) 
1/4 turn at a time until NEVER try to adjust SLi LLLiL LL) L222). 7 
points coincide. spring force by backing 


off the nuts, spring fric- 

tion will produce false 

readings. Always start If the points are not 0.300 + .010 apart, calibrate the gauge by filing 
at Step. 1. the bottom contact points. 


ORDERING INSTRUCTIONS 


In order to select the proper clamp for a given application, it is necessary to know three mounting parameters: 
e The correct force necessary to mount the semiconductor device. 
@ The length of the bolts necessary to span dimension “Z”’. 
e The capability cf the sink to withstand the mounting force without bending (refer to Note 1 of Table I). 
Knowing these parameters, the proper clamp may be selected from Table II. 


TABLE I! — CLAMP SELECTION CHART 


Recommended Clamp Allowable “Z'1) Dimension | Bolt Length 
Mounting Force Force (inches) (inches) 


Order Number!2-3) 


C387, C388 1.375-2.125 HW2500G77 

€397, C398 1.875-2.625 HW2500G78 
, - : -2400 (Lbs.) 

C395 BAe ae IHL ee aed 2.375-3.125 Hw2500G79 

C500 Family 3.375-4.125 Hw2500G82 

A500 Family 5.375-6.125 Hw2500G83 


Phenolic temperature beyond 125°C and spring temperature above 110°C is not permissable. 


. Refer to Outline Drawing and to Note 3 of Table I for determination of “Z” dimension. 

If a brace is required, add suffix “B”’ to the order number, e.g. HW2500G72B. 

If a terminal is required (used with a single side cooling), add the letter “T” to the order number, e.g. HW2500G72BT. 
. All group numbers or bolt lengths can be used with any device types. 


ayy 
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Germanium 
Tunnel Diodes 


tat TYPE 


The General Electric TD-9 is a Germanium Tunnel Diode offering a peak current of 500 ya. 


This device, 


which makes use of the quantum mechanical tunneling phenomenon to obtain a negative conductance 
characteristic, is designed for converter, small signal, low level switching and logic applications. 
This device is housed in General Electrics new hermetically sealed subminiature axial package. 


ABSOLUTE MAXIMUM RATINGS 


Forward Current* I 
Reverse Current* Ip 


Storage Temperature Tong 


Lead Temperature 


1/16" + 1/32" from case for 10 sec 


* Derate maximum currents 1%/°C above 25°C 


ELECTRICAL CHARACTERISTICS: (25°C) 


2.5 ma 
5 ma 


-55°C to +100°C 


260°C 


AXIAL DIODE OUTLINE 


.020 

+.002 
-.00) 1,000 1.000. 
MIN. 100 MAX. MIN. 


ALL DIMENSIONS IN INCHES. 
DIMENSIONS ARE REFERENCE UNLESS TOLERANCED. 


Static Characteristics: Min Typ Max Units 
Peak Point Current Ib 450 500 550 ya 
Valley Point Current ly 60 100 pa 
Peak Point Voltage Vp 65 mv 
Valley Point Voltage Vy 350 mv 
Forward Voltage Vep 500 mv 

(I,=Ip Typ) GARRET ERI TICNCUAVE 
Reverse Voltage Vv 20 40 mv 
(I,=I, Typ) ad 
RP a 

Dynamic Characteristics: 
Total Series Inductance Lg 0.5 nh ¢ . 
Total Series Resistance Re 2.5 6.0 ohm 
Valley Point Capacitance C 2.5 5.0 pf 

-3 EQUIVALENT Se 
Max. Terminal Neg. Cond. -G 4 x10° ~mho OS CTANGE REGION 
Resistive Cutoff Freq. E 2.5 kme 
Self Resonant Freq. a 4.5 kme “o— 
TUNNEL DIODE SYMBOL 
Frequency of Oscillation sane 4.5 kme 
| 2 
' ' 2 a 
| fro = tel ) ges fxo = 1 =e -( : \) ae Hr ra ” ( = ) 
271 C Rs |e 2 LsC fo} 


| 


| 


Germanium TYPE 


iodes 
Diode 


The General Electric TD261,A through TD266A series of tunnel diodes are extremely fast, P-Type 
germanium devices with peak currents of 2.2, 4.7, 10, 22, 50 and 100 ma. Among the unusual 
features offered by these tunnel diodes are high Ip/Iy ratios and C/Ip ratios as low as 0.025 pf/ma. 
New manufacturing techniques provide a high temperature tunnel diode capable of 100°C storage 
/ 


and operation resulting in high reliability performance. Types TD271,A through TD276,A are 
built in a special microwave package which has electrical characteristics of the TD260 line with a 
series inductance of .15 mh. Specially selected units offering parameter variations or tighter 
control are also available. 


absolute maximum ratings: (25°C) 


TD261 TD262 TD263 TD264 TD265 TD266 
TD261A TD262A TD263A TD264A TD265A TD266A 
T™D271 = TD272 TD263B TD274 T0275 TD276 
TD271A TD272A TD273 TD274A TD275A TD276A 
TD273A 
TD273B 


Maximum Power Dissipation 1.5 3.5 7 7.5 18 35 mw 
-55 to +100°C 


Operating and Storage Temperature 
Lead Temperature 


1/16” + 1/32” from case for 10 seconds —«“——————~ 230 i 0: 
*Derate maximum forward current 1% per °C for ambients in excess of 25°C. 
electrical characteristics: (25°C) 

COLOR DOT** BROWN BROWN/GRAY RED RED/GRAY 
TD261 TD261A TD262 TD262A 
D271 TD271A TD272 TD272A 
Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

Peak Point Current Ip 2.0 22 2.4 2.0 2.2 2.4 4.2 4.7 5,2 4.2 4.7 5.2 ma 
Valley Point Current Iv 20 © 31 22 31 45 60 45 .60 ma 
Peak Point Voltage Vp 70 100 80 110 80 110 90 120 mv 
Valley Point Voltage Vv 390 390 390 400 mv 
Forward Voltage 

(Ip = Ip) Vrp* 500 540 650 500 580 650 500 560 650 500 575 650 mv 

(Ip = .25 Ip) VFs 420 500 420 500 435 510 435 530 mv 
Total Series Inductance 

TD260 Ls 1.5 1.5 1.5 1.5 nh 

TD270 Ls 15 AS 1S 15 nh 
Total Series Resistance Rg 5 7 3.5 4.0 ohm 
Valley Point Terminal 

Capacitance Cy 18 3.0 0.65 1.0 2.8 6.0 0.65 1.0 pf 
Rise Time ty*** 430 160 320 74 Psec 


*Max Vep on TD270 devices is 675 mv 
**TD270 series marked with white cathode dot only 


— Vv 
***Switching speed with constant current drive, t, ~ wat Cy 1416 


TD261,A — 66,A | TD271,A — 76,A 
TD263,B TD273,B 


electrical characteristics: (25°C) 


ORANGE/ 
COLOR DOT** ORANGE ORANGE/GRAY WHITE YELLOW YELLOW/GRAY 
TD263 TD263A TD263B TD264 TD264A 
TD273 TD273A TD273B TD274 TD274A 
Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 
Peak Point Current Ip 9.0 10 11 =9.0 10 11 9.0 10 11 20 22 24 20 22 24 ma 
Valley Point Current Iy 09 «1.4 0.9 «1.4 0.9 «1.4 2.7 31 2.7 3.1 ma 
Peak Point Voltage Vp 75 100 80 110 90 120 90 115 100 130 mv 
Valley Point Voltage Vv 400 410 420 425 425 mv 
Forward Voltage 
(p= Ip) Vep* 500 560 650 520 570 650 550 600 670 500 S80 650 550 610 680 mv 
(Ip = .25 Ip) VEs 450 510 450 530 450 540 520 460 540 mv 
Total Series Inductance 
TD260 Ls 1.5 1.5 1.5 1.5 1.5 nh 
TD270 Ls 15 15 AS 15 AS nh 
Total Series Resistance Rs 1.7 2.0 2.5 1.8 2.0 ohms 
Valley Point Terminal 
Capacitance Cy 6.5 9.0 3.55 5.0 1.2 2.0 71.0 18 2.5 4.0 pf 
Rise Time t,*** 350 190 68 185 64 Psec 
electrical characteristics: (25°C) 
COLOR DOT** GREEN GREEN/GRAY BLUE BLUE/GRAY 
TD265 TD265A TD266 TD266A 
TD275 TD275A TD276 TD276A 
Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 
Peak Point Current Ip 45 50 55 45 50 55 90 100 110 90 100 110 ma 
Valley Point Current Iv 6.0 8.5 6.0 8.5 12.0 17.5 12.0 17.5 ma 
Peak Paint Voltage Vp 110 180 130 = 200 150 210 180 260 mv 
Valley Point Voltage Vv 425 425 450 450 mv 
Forward Voltage 
(Ip = Ip) Vrp 520 625 700 550 640 750 520 650 720 550 680 800 mv 
(lp = .25 Sp) VFs 530 480 550 530 500 550 mv 
Total Series Inductance 
TD260 Ls 1.5 1.5 1.5 1.5 nh 
TD270 Ls 15 AS 15 5 nh 
Total Series Resistance Rs 1.4 1.5 1.1 1.2 ohms 
Valley Point Terminal 
Capacitance Cy 8.5 25 3.0 5.0 10.0 35 4.0 6.0 pf 
Rise Time t,*** 100 35 57 22 Psec 


DIMENSIONS WITHIN JEDEC OUTLINE 00-18 DIMENSIONS WITHIN JEDEC OUTLINE 00-20 


tat DOT INDICATES Ip @ CATHODE ——~4 060 MAX O22 MAX 


016 aa 
C3 a cI 
2nd DOT INDICATES Cy 22 
500 MIN a waa 500 MIN — Ole $3 Oe S00 Min 
| Vr MAX wax 
(035 MAX. 
EPOxY—~” — — a 


ALL DIMENSIONS IN INCHES AND ARE WHITE CATHODE WDICATOR 
REFERENCE UNLESS TOLER D 1. ALL DIMENSIONS ARE IN INCHES ANO REFERENCE UNLESS 
TOLERANCED. 


VIOLET DOT INDICATES TO260 & CATHODE END 


a Eee 0035 ia) 
= 060 MAX ‘0025 


TD270 SERIES 


| TD260 SERIES 


SERIES 
L 


Description: 


GE-MOV® zinc oxide varistors are voltage dependent, 
symmetrical resistors which perform in a manner similar to 
back-to-back zener diodes in circuit protective functions 
and offer advantages in performance and economics. 


When exposed to high energy voltage transients, the varistor 

impedance changes from a very high standby value to a very 

low conducting value thus clamping the transient voltage to 1-4 

a Safe level. The dangerous energy of the incoming high JOULES 
voltage pulse is absorbed by the GE-MOV® varistor, thus 

protecting your voltage sensitive circuit components. 


PT ETT ett ty 
Replacement For: San neseahe 
HY 


Zener Diodes 

Silicon Carbide 

Selenium Thyrectors 

R-C Networks (non dv/dt) 


Features: 


Excellent Clamping 

High Transient Current Capability (4000 Amperes) 
Nanosecond Response 

High Energy Capability I-V Oscillograph 
Wide Operating Temperature Range iNctiial Rate) 
Low Temperature Coefficient Model Number Nomenclature: 


Low Standby Drain VV 130 LA 10 A 


Compact and Lightweight . | a oe 


GENERAL eta lS RMS PRODUCT PULSE oe 
GE-Mov® APPLIED SERIES ENERGY (A or B} 
VARISTOR VOLTAGE RATING (JOULES) 


Benefits: 


e Improves Circuit, Component and System Reliability Promotes System Cost Reduction 
Reduces System Size and Weight Rear 
Increases Product Safety 


No Follow-On Current 


e Extends Contact Life 


e Reduction of Lightning Effects 


Maximum Electrical Ratings: 


Maximum Energy, Power and Peak Current... 0... ccc cece cee eee eee eeeee. See Rating Table | 
Btompe Temperatures. Capen tus oxy eG ora alata ese ade seiel ad @ aed oth Sw bE dated Ok ieee -40°C to +125°C 


Operating Ambient Temperature (Without Der ating) .s28 scp 55 35 Fags Ne. with ated de tcc ed, Hdd a Sa ee eb, IM 85° “cl 


Hipot Encapsulation — Volts D.C. for 1 Minute... 2... ccc cece cee eeeee, 2500 


SERIES L 


CHARACTERISTICS 


VARISTOR PEAK (5} 
VOLTAGE @ 1mA 


MAXIMUM RATINGS 


RMS (3) | RECURRENT (3) pc AVERAGE peak(4) 


TYPICAL 


MODEL AC PEAK CAPACITANCE 
APPLIED PEAK IDLE APPLIED ENERGY POWER PULSE u 

NUMBER(6) VOLTAGE VOLTAGE VOLTAGE DISSIPATION | CURRENT | MIN MAX Pecks Nes 

JOULES ) amps | vo.ts | VOLTS | PICOFARADS 
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3 

3 

2 20 0. 2000 

2 | 480 679 640 40 0. 2000 670 914 260 
v4s0LB80__ | 3 80 if 4000 520 
V510LB20A | 2 20 0.6 2000 240 
V510LB40__ | 2 | 510 721 675 40 0.7 2000 735 970 240 
VS510LB80_ | 3 80 1.0 4000 470 
V550LB20A | 2 20 0.6 2000 230 
vs50LB40__ | 2 | 550 778 700 40 0.7 2000 775 1060 230 
vssoLBs0__| 3 80 1.0 4000 450 
V575LB20A | 2 20 0.7 2000 215 
V575LB40_ | 2 | 575 813 730 40 0.8 2000 805 1115 215 
V575LB80_. | 3 80 1.1 4000 425 
V1000LB80__| 2 80 0.9 2000 130 
SOUL RIGO 1000 1414 1200 es ed 1425 1900 


(1) Steady State defined as the normal input conditions existing when no transients are present. 
(2) Relative size only (See “Dimensions Table”). 

(3) Sinusoidal voltage assumed as normal input conditions. If nonsinusoidal wave input is present, peak voltage input values should be used to select model. 
(4) See Figure 18,19, 20. 

(5) 1mA standby current based upon 60Hz sinusoidal input. 

(6) (—) indicates (A orB ) selection. See Figure 1-15. 
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SERIES L MAXIMUM VOLT-AMPERE CHARACTERISTICS 


3000 
MODEL SELECTION | 1 
NUMBER A B T + T | 
2099 V95LA7W| Lb wa 
i + + | 


3 
,e) 
fe) 


MAXIMUM PEAK VOLTS 
a 
fo} 
oO 
MAXIMUM PEAK VOLTS 


100 100 ! 
Key] ll \ 10 100 1000 “01 ; I 10 100 1000 
PEAK AMPERES PEAK AMPERES 
FIGURE 1 FIGURE 2 
nee, MODEL SELECTION ii ] 
NUMBER | qQ [8 
2000) "visoLaio_| 17 | +7 | | 
visoLa2o_] [i | { { — 
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5 © 1000 
° co} 
> > 800 
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2 2% 300 
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200 
100 i ! 
:0! Al 1 10 100 1000 “01 : 10 100 1000 
PEAK AMPERES PEAK AMPERES 
FIGURE 3 FIGURE 4 
0 
000 oEL | SELECTION al 000 ODEL SELECTION | 
NUMBER A B [ | | NUMBER A B | 7 
2000)" visoLaio_| -7 | = 1 2000'VasoLais_| L | if TT 
vis0LA20_] L~ aa t- 4 V250L820_| vile +4 
V250LA40_| ~ | 
p 2 
5 1000 1000 7 
3 a E + + 1 208 
> 800 > 800 t 
= = 408 
ty 600 @ 600 
o a af 
= = 
> 400 > 400 + t—| 
= = 1 + a 
q 300 ¥ 300 + a 
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200 200 + + 
| 4 | 4 
100 100. 
“Ol ‘i I 10 100 1000 “01 ; 10 100 1000 
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FIGURE 5 FIGURE 6 
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MAXIMUM VOLT-AMPERE CHARACTERISTICS 


SERIES L 
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“Ol | 1 10 100 1000 Ol 1 1 io 100 1000 
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FIGURE 7 FIGURE 8 
MODEL | SELECTION “+t 4 ; MODEL | SELECTION ao a 
NUMBER | aA B C { NUMBER [A B tT 1 
6000| v420LB20_| b~ | 4 6000] v4a6ocez0_| | 
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6000| V480LB20_| i om | 6000| _V5I0LB20_| a | —| 
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SERIES L 


MAXIMUM VOLT-AMPERE CHARACTERISTICS 
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DYNAMIC IMPEDENCE 
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MAXIMUM PEAK VOLTS 
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FIGURE 18 POWER AND ENERGY RATING VS. 
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TEMPERATURE 


PULSE LIFETIME RATINGS 
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SERIES L 


T T 
MODEL SIZE 1 (7 mm) 


PEAK PULSE CURRENT - AMPERES 
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MODEL SIZE 2 (14mm) 
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FIGURE 19 
NOTES: 


1. End of lifetime is defined as a degradation failure which 
occurs when the device exhibits a shift in the varistor 
voltage at one (1) milliampere in excess of + 10% of the 
initial value. This type of failure is normally a result of a 
decreasing V, value, but does not prevent the device from 
continuing to function. However, the varistor will no 
longer meet the original specifications. 
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E 
SERIES L DIMENSIONS TABL 
(ieee Wee “1 - 
MODEL MINIMUM MAXIMUM | 
NUMBER [mm | INCHES| MM | INCHES! MM 


V130LA1 1301 Ae ey 34 0 | 50 3.1 
V130LA2 1302 


V150LA1 1501 3.3 
V150LA2 1502 
V250LA2 2502 49 
V250LA4 
V275LA2 hy 5.5 
V275LA4 

5.7 


V300LA2 
V300LA4 


1.000"(MIN) 
25.4mm 


DATE CODE 


0.310" (MAX) 
.88 


7 
"0.68 
SEATING PLANE 


mobi a a 


NUMBER 
ches] wa _[incHES[ mM |incnes[| mM [INCHES| MM [INCHES] MM_| 
V95LA7 | V9SLA7_ 7a Tis9 [6s [164 


V130LA10 VI30LAI0 — 

vista 0 ree rie eee 2} 534 o8 | 21! a4] 35 
V250LA15 V250LA15 — 

ae Sears adeeb ape the 26 {| 67| 13 | 34!/ 201 50 
V275LA15 V275LAI5S_ ‘ 
varstaa_| vistas | | | | | | | | [| 23 a7] 2 | 5 
V320LA15 V320LA15 _ G4 
vazoiaza__| vszorao_| | | | | | | | 16 | 42 
V420LB20 V420LB20 _ 

ah oC 
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V510LB40 V510LB40 ~ 
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V575LB40 V575LB40 _ 
V1000LB80 viooorpso_ {| * | ¥ [| wv | 
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“LA” CONFIGURATION 
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XI 


1.000" (MIN) E 
25.4mm 


VISOLAIOA 
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0.03.4" (MAX) 
0.86mm 


- 


SEATING PLANE e, 


“LB” CONFIGURATION 


(1) (—) AorB selection. 

(2) All devices to be marked with part designation as indicated plus 2 digit date code and either the General Electric monogram 
or the initials GE. 

(3) Drawings are not to scale. 

(4) Lead dimensions as measured within 0.05 inches (1.3mm) of seating plane. 1424 


DIMENSIONS TABLE SERIES L 


MODEL 
NUMBER 


V130LA20 
V150LA20 


V250LA40 
V275LA40 


V320LA40 
V420LB40 


V130LA20 _. 
V150LA20 _ 


V250LA40 _ 
V275LA40 — 


V320LA40 _. 
V420LB40 — 


V460LB40 V460LB40 _ 
V480LB80 V480LB80 _ 
V510LB80 V510LB80_ 
V550LB80 V550LB80 — 
V575LB80 V575LB80 _ 


V1000LB160 V1000LB160 _ 


OUTLINE DRAWING SIZE 3 
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Vv 


SEATING PLANE 


“LB” CONFIGURATION 


(1) (—) indicates Aor B selection. 

(2) All devices are to be marked with part designation as indicated, plus a 2-digit date code and either the General Electric Monogram or the init- 
ials GE. 

(3) Drawings are not to scale. 

(4) Lead dimensions as measured within 0.05 inches (1.3mm) of seating plane. 


1425 


Description: 


GE-MOV® zinc oxide varistors are voltage dependent, 
symmetrical resistors which perform in a manner similar to 
back-to-back zener diodes in circuit protective functions 
and offer advantages in performance and economics. The 
MA (molded axial) series is characterized at the ImADC 
varistor voltage following +10% EIA values as are zener 
diodes and other varistors used as transient suppressors. 
When exposed to high energy voltage transients, the varistor 
impedance changes from a very high standby value to a 
very low conducting value thus clamping the transient volt- 
age to a safe level. The dangerous energy of the incoming 
high voltage pulse is absorbed by the GE-MOV® varistor, 
thus protecting your voltage sensitive circuit components. 


Features: 


Excellent Clamping 

Peak Transient Current Capability Up To 20 Amps 
Wide Operating Temperature Range (-40°C to 125°C) 
Low Temperature Coefficient (-.03%/°C) 

Low Capacitance 

Low Standby Drain 

Compact and Lightweight 

Compatible With Automatic Insertion 


MILLIMETERS INCHES. 
SYMBOL { MIN. | MAX. | MIN. ] MAX. 
ee 
90 343 
G 
a 


eae ae ae ne Se Se Sree! Ss Oe 


1-V Oscillograph 
(Actual Photo) 


eee 


Benefits: 


Improves Circuit, Component and System Reliability 
Extends Contact Life 

Reduction of Secondary Lightning Effects 

Promotes System Cost Reduction 

Reduces System Size and Weight Requirements 
Increases Product Safety 

No Follow-On Current 

Reduces Electrical ‘‘Spike” Noise 


Replacement For The Following When Used As 
Transient Suppressors: 


e Zener Diodes 

e Silicon Carbide 

¢ Selenium Thyrectors 

¢ R-C Networks (non dv/dt) 

e Neon Bulbs 

e Miniature Electronic Crowbars 


eee 


Applications: 

¢ Telephone Relays ¢ Computer Equipment 
¢ Telephone Solid State Circuits e Railroad Circuitry 

¢ Communication Equipment e Numerical Control 

e Relay Coils e Test Equipment 

¢ Traffic Controllers e Instrumentation 
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¢ Solid State Motor Control 
e Television 


e Solid State Relays/Timers 
e Automobiles 


e Copier Machines © Solid State Security Systems 
* Calculators e Medical Equipment 
e Contact Arc Suppression e Fire Alarms 


Viodel Number Nomenclature: 


V 220 MA 4 B 


a. a Se 


GENERAL VNOM PRODUCT PULSE SELECTION 
ELECTRIC NOMINAL FAMILY ENERGY (A or B) 
GE-MOV® VARISTOR RATING 
VARISTOR VOLTAGE (0-1 

(VDC) JOULES) 


he MA series GE-MOV® varistors are characterized at the 
mADC varistor voltage according to EIA values. 


or example — V220MA4B; the nominal varistor voltage is 
20VDC, +10%, at ImADC. The maximum allowable 
teady state applied voltages, 191 VDC and 195 VAC 
peak) fall below the low side nominal varistor voltage of 
98 VDC (220 — 10%) to insure the maximum idle power 
issipation characteristics (See V-I curve to the right). 


SERIES MA 


Example: 
V220MA4B V-1 Characteristics: 


Ywom 8A 
195 191 


A — Maximum allowable steady state DC applied voltage. 
See Ratings Table. 
B — Maximum allowable steady state recurrent peak applied voltage. 
See Ratings Table. 
VNOM — Nominal Varistor voltage at 1mADC. 
See Characteristics Table. 


ABSOLUTE MAXIMUM RATINGS 


ximum Electrical Ratings: 


aximum Energy, Power and Peak Current..........-.+--- 
torage Temperature, Tgtg.--- eee ee eee tee 
perating Ambient Temperature (Without Derating)......... 
aximum Voltage Temperature Coefficient..........-.-+-- 


Mechanical Ratings: 


Insulation Resistance — Megohms .....-..----+-+-++-+5> 

Hipot Encapsulation — Volts D.C. for 1 Minute........---. 

Solderability . 6... ec ee ee eee eee 
10 


DYNAMIC IMPEDANCE PER VOLT OF 
NOMINAL VOLTAGE (OHMS/V NOM.) 
° 


PEAK CURRENT - AMPERES 


_ FIGURE 1 TYPICAL CHARACTERISTIC OF DYNAMIC 
IMPEDANCE VS. PEAK CURRENT 


Daag AR NN i een oR OR se otek ay awtantal Sas Meas Se See Rating Table 
ida apeata tie an eeca sae ok soit eth Ae acacia ehe -55°C to +125°C 
sua Maubeietaevescaten tigated bel tbe Pdosine Wacsnte dane, ata dass gras 75°C 
ses Ses cs Bedag hse wd Abate Ek SoS SG tS re -.03%|°C 


fet eu tet Slee le) ee ec wee ee) eae de He ee oer Fe cecal Boe: 9 ee ele 8 ve # e 


ee ee 


Via 
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“Ol Jl 1 10 
PEAK CURRENT - AMPERES 


FIGURE 2 MAXIMUM STATIC RESISTANCE VS. PEAK 
CURRENT 
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SERIES MA 
MAXIMUM RATINGS TABLE 


STEADY STATE (1) 
RMS (2,3,4) 
pc 3, RECURRENT 
MODEL APPLIED es ena! PEAK APPLIED 
NUMBER VOLTAGE (2,4) | soon Herc | VOLTAGE (23,4) 


JOULES MILLIWATTS 

wares are 
V33MA1A 23 18 
V33MA1B ew aa 
V39MA2A 28 22 31 16 
V39MA2B 31 25 35 18 
V47MA2A 34 27 38 19 - 
V47MA2B 38 30 42 21 
V56MA2A 40 32 45 23 
V56MA2B 45 35 49 25 
V68MA3A 
V68MA3B 
V82MA3A 60 45 65 
V82MA3B 66 50 71 
V100MA4A N2 57 80 
V100MA4B 81 60 85 
V120MA1A 97 72 102 
V120MA2B 101 15 106 
ViS0MA1A 
V150MA2B 
V180MA1A 144 105 148 
V180MA3B 152 110 156 
V220MA2A 
V220MA4B 
V270MA2A 224 163 
V270MA4B 235 171 
V330MA2A 
V330MA5B 
V390MA3A 322 234 331 
V390MA6B 334 242 342 60 
V430MA3A 349 253 358 35 ae 
V430MA7B 365 264 373 . 


(1) Steady State defined as the normal input conditions existing when no transients are present. 

(2) Applied Voltage is that voltage which appears across the varistor terminals when no transient is present. High line voltage conditions should be 
included in the value for Applied Voltage used to select the correct model. (i.e., applications for 117 Vrs Should use ratings of 129 Vays 
Or more.) 

(3) For AC applications a sinusoidal Applied Voltage is assumed to be the normal input condition. If Applied Voltage is non-sinusoidal, Recurrent 
Peak Applied Voltage values should be used to select correct model. | 

(4) See Figure 3. : 

(5) See Figure 8. 


TRANSIENT 
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CHARACTERISTICS TABLE SERIES MA 


CHARACTERISTICS AT 25°C 


Vom LEAKAGE MAXIMUM 
MODEL VARISTOR CURRENT @ ALPHA (7) MAXIMUM THERMAL TYPICAL 
NUMBER VOLTAGE MAX. RATED | lz = 1mA, 1; = 0.1mA AC IDLE RESISTANCE | capaciTANCE 
@ 1.0mA DC VOLTAGE POWER BODY TO APACI 


an 


De cuRnENT (6) | wve_[ wax. | win. | We. | Wax 
eet ra organ | 


V33MA1A 
V39MA2A 20 
ee Peteee aa ae 


V47MA2A 
V47MA2B 


V56MA2A 
V56MA2B 


V68MA3A 
V68MA3B 


V82MA3A 
V82MA3B 


VIGOMA4A 
V100MA4B 


vizomarA | ss 

V120MA2B 

Vi50MA1A | 150 15 = 
V150MA2B 10 

V180MA1A 

meme te PEEP EP TEE = Vt 

V220MA2A 15 

veomal ono [5 | | [| || t|[ {i «® | | | oa 


V270MA2A 
V270MA4B 


eee ee 
V330MA2A 15 

ele pe 
V390MA3A 15 

V390MA6B 10 

V430MA3A 


(6) 1mA DC current pulse, 10-50 msec. 
(7) 1=KV&, Where “= Log I5/Iy 
Log V2/V2 


NOTE: 


The GE-MOV® varistor may be operated at maximum energy, 
power, peak pulse current, and applied voltage (AC or DC) ratings 
up to 75°C ambient. Above 75°C ambient these values must be 
derated in order to remain below a limit of 125°C average surface 
temperature. The magnitude of total average power dissipation is 
determined by averaging the energy of repetitive transients over 
their time base (0.1 Watt = 0.1 Joules/Sec) and then adding the 
idle power dissipation of the varistor. 


% RATED POWER,ENERGY, 
PEAK PULSE CURRENT, 
ANO APPLIED VOLTAGE - % 


-40 50 60 70 80 90 100 iiTe) 120 {30 
AMBIENT TEMPERATURE ~ °C 


FIGURE 3 % RATED POWER, ENERGY, PEAK PULSE 


1429 CURRENT AND APPLIED VOLTAGE 
(AC OR DC) VS Ta 


MAXIMUM — AMP bits 
SERIES INE UM VOLT — AMPERE CHARACTERISTICS (T, = 25°C) 
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FIGURE 4 PEAK VARISTOR CURRENT — AMPERES 
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PEAK VARISTOR CURRENT - AMPERES 


FIGURE 6 PEAK VARISTOR CURRENT — AMPERES 
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PEAK VARISTOR CURRENT - AMPERES 


FIGURE 5 PEAK VARISTOR CURRENT — AMPERES 
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MAXIMUM PEAK VARISTOR VOLTAGE - VOLTS 
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PEAK VARISTOR CURRENT - AMPERES 


FIGURE 7 PEAK VARISTOR CURRENT — AMPERES 


PULSE winTH = MILLISECONDS 


FIGURE 8 % RATED NON-RECURRENT PEAK PULSE 
CURRENT VS. PULSE WIDTH (Tag = 25°C) 
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SERIES MA 


GE-MOV® VARISTOR APPLICATIONS 


i CONTACT ARCING / NOISE 


Switch contacts interrupting an inductive load current will 
arc causing deterioration of the contacts and noise-generat- 
ing “‘spikes” on the power line. 


| Placing an MA Series GE-MOV® varistor across the load 

or contacts is a low-cost method to suppress high voltage 

spikes, and (particularly at lower currents or voltages) to 

5 reduce contact damage due to arcing. Their bi-directional 
—_ characteristic makes them useful for AC or DC applica- 
eal tions without affecting load operation or suffering voltage 
damage themselves, as diodes or capacitors may do. 


RESIDENTIAL POWER LINE TRANSIENT VOLTAGES 


About 2% of all homes experience repeated transient volt- 
ages (over 1200 volts) of a level potentially damaging to 
home appliances. GE-MOV® axial-leaded varistors provide 
a reliable, cost-effective way to reduce these voltages to 
acceptable levels. 


GE-MOV® VARISTOR APPLICATION NOTES AND SPECIFICATION SHEETS 


PUB. NO. TITLE 
200.60 GE-MOV® Varistors Voltage Transient Suppressors 
200.72 Using GE-MOV® Varistors To Extend Contact Life 
200.73 Testing GE-MOV® Varistors 
200.77 Detecting And Suppressing Nanosecond Wide Spikes With GE-MOV® Varistors 
201.28 Energy Dissipation In GE-MOV® Varistors For Various Pulse Shapes 
660.30 Six Ways To Control Voltage Transients, Reprint From Electronic Design 
660.32 Transient Suppression . . . Don’t Make The Cure Worse Than The Disease, Reprint From Machine Design 
451.133 Transient Voltage Suppression Manual 
| 
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Description: 

GE-MOV® zinc oxide varistors are voltage dependent, 
symmetrical resistors which perform in a manner similar to 
back-to-back zener diodes in circuit protective functions 
and offers advantages in performance and economics. When 
exposed to high energy voltage transients, the varistor im- 
pedence changes from a very high standby valve to a very 
low conducting valve thus clamping the transient voltage 
to a safe level. The energy of the incoming high voltage 
pulse is absorbed by the GE-MOV® varistor, thus protect- 
ing sensitive circuit components. 


Replacement For: 


Zener Diodes 


e Silicon Carbide 
e Selenium Thyrectors 
e R-C Networks (non dv/dt) 

I-V Oscillograph (Actual Photo) 
Features: Benefits: 
¢ Up to 15 Watt Average Power Dissipation ¢ Improves Circuit, Component and System Reliability 
¢ NEMA Creep and Strike Distances e Extends Contact Life 
° Excellent Clamping (as as a @ 200 amps.) e Reduction of Lightning Effects 
e Discharge Current Capability as high as 4000 amps. Promotes System Cost Reduction 
¢ Energy Dissipation up to 80 watt-seconds : : ‘cht Reawi t 
* Nanosecond Response Reduces System Size and Weight Requirements 
¢ Low Standby Power Dissipation e Increases Product Safety 
® Quick Connect Terminal ® No Follow-On Current 


Model Number Nomenclature: 


V130PA10A 


eee 


x 


GENERAL MAXIMUM AC SERIES STYLE PULSE SELECTION | 
ELECTRIC (RMS) VOLTAGE ENERGY (A, B or C) 
GE-MOV ® RATING oureS 
VARISTOR JOULES 
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satings: 
Maximum Energy, Power and Peak Current ....- 26-20 + eee reece ee trees Rodeos ahs Ane See Rating Table 
Storage Temperature; Tepe <4< css eters cee eke wee tee Hee eee eet Eee NE RE eee -40°C to +125°C 
Maximum Hot Spot Temperature, Tyg . +. e eee e cette ec eee eter et teense eet nett eens 25°C 
Operating Case Temperature (without derating)......... Boe whi SRR ed ao BASES Cons Ped Ghee Madore Nag eS a SAE Ns 70°C 
Maximum Thermal Impedance Case to Ambient for Maximum Recurrent Peak AC Voltage ......-..-.--- <8°C/Watt 
Maximum Thermal Impedance Case to Ambient for Maximum DC Input... .--- +--+ se eee errr reese <5°C/Watt 
Maximum Voltage Temperature Coefficient ... 1... -. +e eee eee eee etter -0.05%/°C 
Nechanical: 
Insulating Resistance — Megohms ..... 2... eee eee eee eet teeters eee trent eres > 1000 
Hipot Encapsulation — Volts DC for | Minute ©... 2.6.62 ee eee teeter ttt tenses 2500 
Maximum Weight... 0.0.0.0 eee teeter nett en en ee tes 45 Grams 


MAXIMUM RATINGS AND CHARACTERISTICS 


| CHARACTERISTICS 


RMS ':2_ | RECURRENT ge VARISTOR THERMAL 

MODEL APPLIED PEAK APPLIED PEAK * |IPEAK VOLTAGE | RESISTANCE 
s | VOLTAGE] APPLIED 3 CURRENT HOT SPOT 
NUMBER 50-60 Hz | voLTAGE | VOLTAGE ENERGY | DISSIPATION TO CASE 


voLTs ioULES_ | WATTS 


212 


V275PA10 (-) 
20 (-) 
40 (—) 


V320PA40 (-) 
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| V420PA20 (—) 20 5 4000 11.0 
va60PA20(-) | 4co bak | 


40 (-) 


V480PA20 (—) 
40 (-) 
80 (-) 


V510PA20 (—) 
40 (-) 
80 (-) 


V550PA20 (-) 
40 (—) 
80 (-) 


V575PA20 (—) 
40 (—) 
80 (-) 


1. Applied voltage is that voltage which appears across the varistor terminals when no transient is present. High line voltage conditions must be 
| included in the value for applied voltage used to select the correct model. 


2. For AC applications, a sinusoidal applied voltage is assumed to be the normal input condition. If applied voltage is non-sinusoidal, recurrent 
| peak applied voltage values should be used to select correct model. 

. See Figure 12. 

. See Figure 13. Peak currents apply for full rated bias. 


5. (—) indicates A, B or C selection. See Figures 1-11. 1433 
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SERIES PA 


MAXIMUM VOLT-AMPERE CHARACTERISTICS 
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MAXIMUM VOLT-AMPERE CHARACTERISTICS 
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ENERGY AND POWER RATING VS. CASE TEMPERATURE 


PEAK PULSE CURRENT - AMPERES 


STATIC RESISTANCE (OHMS PER RATED RMS INPUT VOLTAGE) 


SERIES PA 


i LL 
20 50 100 500 1000 5000 10,000 
LENGTH OF PULSE TAIL - pSEC 
FIGURE 13 
PULSE LIFE DERATING CURVE 
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FIGURE 15 
TYPICAL RESISTANCE VS. 
PEAK CURRENT 


DYNAMIC iMPEDENCE 
(OHMS PER RMS RATED INPUT VOLTAGE ) 
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FIGURE 14 
DYNAMIC IMPEDANCE VS. PEAK CURRENT 
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NOTES: | 


Wn = 


+ 


. Tab is designed to fit 1/4” quick connect terminal. 
. Case temperature is measured at Te on top surface of base plate. 
. H, (130-150 Vams devices) 


H, (250-320 Vag devices) 
H3 (420-575 Vang devices) 
Electrical connection: top terminal and base plate. 


FIGURE 16 
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PROPER MOUNTING OF THE “PA” SERIES VARISTOR 


When applying the varistor in a manner which requires high 
power dissipation capability, the possibility of necessary 
heat sinking should be taken into consideration. Figure 12 
allows one to determine the maximum power dissipation 
for a given case temperature. To determine if a varistor has 
been properly heat sinked, a measurement of strap temper- 
ature, Tc, (see outline drawing) should be made under re- 
quired worst case power and thermal conditions. 

To describe the proper heat sink for any application, a 
fundamental knowledge of heat transference is required. 
Heat generated by power dissipated in the varistor, will 
flow through the mounting junction, to the heat sink, and 
finally to the surrounding ambient. The varistor case tem- 
perature (Tc) is a function of both the heat sink tempera- 
ture (Ts) and the ambient temperature (Ta) which are 
directly proportional to the amount of heat flow (P) from 
the junction and the thermal resistances of the mounting 
(Rgcs) and the heat sink (Rgsa). Figure 17 shows a 
thermal schematic of a mounted varistor. 


FIGURE 17 
EQUIVALENT THERMAL RESISTANCE 
NETWORK FOR A POWER VARISTOR 


The relationship between power dissipated (P), or heat flow, 
and temperature may be expressed as: 


Tc -—T 
* = Recs + Rasa 


Table I lists some typical values for Rgcg for various 
mounting methods.! 


TABLE | 
EXPECTED Rgcs FOR 
FOR GE-MOV® VARISTOR POWER PACKAGE 
MOUNTING DESCRIPTION TYPICAL Rgcs* 


0.9 °C/Watt 
0.3 °C/Watt 
2.0 °C/Watt 
1.0 °C/Watt 


Screws (a) 
Screws (@) With Thermal Grease 


Screws (6) With Insulation Kit 
Screws (6) With Insulation Kit and 
Thermal Grease Both Faces 


(a) 10-32 Screw Torqued to 12-15 in lbs. 
(b) 6-32 Screw Torqued to 405 in lbs. 


*Values given in the table are for devices mounted on a clean, flat 
heatsink. The surface under the varistor contact surface should be 
flat to within .001 in. per inch with a surface finish of 63 micro- 
inches or smoother, Surfaces must be free of burrs, holes, paint or 
other foreign material and should be cleaned just prior to varistor 
mounting. Rough, curved or bent heatsink surfaces will cause in- 
creased thermal resistance and may result in premature device 
failure. 


1 For further information on heatsinking and values of R@ga, refer 
to Application Note #200.55 Handling and Thermal Consider- 
ations for General Electric Power Devices. 
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TYPICAL NON-ISOLATED MOUNTING 


#10-32 PAN HEAD 
SCREW 


cioe—- #10 FLAT WASHER 


L VARISTOR 
‘6a ere: jst THERMAL GREASE 
as LAYER 
; ‘ MOUNTING SURFACE 
t LOCK WASHER 
#10-32 NUT 
FIGURE 18 


TYPICAL ISOLATED MOUNTING 


# 6-32 X 3/4"LG. 
SCREW 


poe #6 FLAT WASHER 


TERMINAL 
1/4" QUICK n PHENOLIC SHOULDER 
CONNECT Sr washe 
t SPACER 
VARISTOR 
TOT ASE : MICA INSULATOR 
EATER saan ea SURFACE 
LOCKWASHER 
ch Ch+— #6-32 NUT 
FIGURE 19 
NOTE: 


1 GE G623, Dow Coming, DC3, 4, 340, or 640 Thermal 
Grease is recommended. 


Isolation kits containing the following parts can be or- 
dered by part #A7811055. 


(1) MICA insulation 1” x 3.1" x .005” thick. 
(2) #6-32 x 3/4” screw. 

(2) #6 flat washer. 

(2) Phenolic shoulder washer. 

(2) #6 internal tooth lock washer. 

(2) #6-32 nut. 

(1) 1/4” quick connect terminal. 

(1) Spacer 


SERIES 
ZA 


Description: E) 
GE-MOV® zinc oxide varistors are voltage dependent, 

symmetrical resistors which perform in a manner similar to 

back-to-back zener diodes in circuit protective functions 

and offer advantages in performance and economics. The 

ZA series is characterized at the 1mADC varistor voltage 

following 10% EIA values as are zener diodes and 4 


other varistors used as transient suppressors, When exposed JOULES 
to high energy voltage transients, the varistor impedance 
changes from a very high standby value to a very low 
conducting value thus clamping the transient voltage to a 
safe level. The dangerous energy of the incoming high 
voltage pulse is absorbed by the GE-MOV® varistor, thus 
protecting your voltage sensitive circuit components. 


Replacement For: 

® Zener Diodes 

@ Silicon Carbide 

® Selenium Thyrectors 

® R-C Networks (non dv/dt) 


I-V Oscillograph 
(Actual Photo) 


Features: Benefits: 

© Low Voltage Design ¢ Improves Circuit, Component and System Reliability 
@ Excellent Clamping ® Extends Contact Life 

© High Transient Current Capability (2000 Amps) @ Reduction of Lightning Effects 

® Nanosecond Response © Promotes System Cost Reduction 

© High Energy Capability @ Reduces System Size and Weight Requirements 

© Wide Operating Temperature Range @ Increases Product Safety 

© Low Temperature Coefficient ® No Follow-On Current 


® Low Standby Drain 
® Compact and Lightweight 


eee 


Applications: 

© Telephone Relays © Computer Equipment ® Solid State Motor Controt @ Solid State Relays/Timers 

© Telephone Solid State Circuits © Railroad Circuitry ® Television © Power Supplies 

® Communication Equipment @ Numerical Control ® Copier Machines ® Solid State Security Systems 
® Relay Coils ® Test Equipment ® Calculators © Medical Equipment 

® Traffic Controllers © Instrumentation © Contact Arc Suppression @ Fire Alarms 
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iximum Electrical Ratings: 


iximum Energy, Power and Peak Current «2... 6.0 eee ee tt ete ee eens See Rating Table 
srage Temperature, Tosca ec ee te en ge BRE RE he I NE Rn en SF -40°C to +125°C 
yerating Surface Temperature, Tg... 6. ee te tenet etter ee ee eee eee ees 115°C 
yerating Ambient Temperature (without derating).. 2.2.6... ee eee errr ret e es 85°C 
aximum Voltage Temperature Coefficient ©... 6... eee cee eet te tt tt tts -0.05%/°C 


achanical Ratings: 


sulation Resistance—Megohms.... 6.6.0 cee ee eee ete eee eet et ene tees > 1000 
pot Encapsulation—Volts D.C. for 1 Minute... 6.6... eee ett tte etre ee 2500 
Yderability ee ee eens Per Mil Std 202C Method 208C 
del Number Nomenclature: V33ZA5 Typical V-1 Characteristics: 
Vv 33 ZA 5 if 
VnNom, NOMINAL PRODUCT PULSE 

VARISTOR VOLTAGE SERIES ENERGY 

(voc) RATING 

(JOULES) 


e ZA series GE-MOV ® varistors are characterized at 
1mADC varistor voltage according to RETMA values. 
r example-V33ZA5: The nominal varistor voltage is 
VDC, +10%, at ImADC. The maximum allowable steady 
te applied voltages, 26VDC and 28VAC (peak) fall below 
e low side nominal varistor voltage of 29.7VDC (33 VDC— 
®) to insure the maximum idle power dissipation A—Maximum allowable steady state DC applied voltage, 
fa. See Ratings Table. 
aracteristics are not exceeded. 


B—Maximum allowable steady state recurrent peak applied voltage. 
See Ratings Table. 


VNOMmM—Nominal Varistor voltage at 1mADC. See Characteristics Table. 
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RESISTANCE PER VOLT OF NOMIMAL VOLTAGE (OHMS/VNOM.) 


MAXIMUM RATINGS 


CHARACTERISTICS 


TYPICAL 
CAPACITANCE 


SERIES ZA 


VNoM 
VARISTOR VOLTAGE 
@1.0mA 
DC CURRENT (5) 
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1. Leakage curren 
@ max DC rated 
voltage = 20 UA 
typical 200 LA 
max. 

2. Applied Voltag, 
is that voltage 
across the varisto 
terminals when n 
transient is prese: 
Include high line 
conditions on 
selection. 

3. For AC 
applications a 
sinusoidal Applie 
Voltage is assume: 
assumed to be the 
normal input 
condition, If 
Applied Voltage 
is non-sinusoidal, 
Recurrent Peak 
Applied Voltage 
values should be 
used to select the 
correct model. 

4. See Figure 11. 
5. 1mA DC 
current pulse, 20 
msec min, 


6.See Figures 7 
thru 10. 
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PERCENT OF RATED APPLIED 
VOLTAGE AND ENERGY 


POWER OF TRANSIENTS 1S 100 


OF POWER DISSIPATION RATING 


MARKING 


[Mezar | 18zi__ 


335 | 8.51 4.0 |.038 |0.98 |.079 | 2.0 |.023] .59 |.027| .68 | 
Neen Was 636 | 1615 [173144 eos 2.0 1.030] 77 034) 86 | 
2421 |.461} 11.7] .315 | 8.51 [.158| 4.0 [038 [0.98 |.079 | 2.0 1.0231 59 1.0271 68 
V27ZA4 _}.745[18.9] .636 | 16.15 [197] 5.0 |.054 [1.36 |.099 | 2.5 1.0301 .77 |.034| 86 
V33ZA5__|-745/18.9| .636_| 16.15 |.197] 5.0 |.054 [1.36 |.099 | 2.5 [030] .77 |.034] .86 | 
335_| asi [ave] 4s 
Ce ee oe 3.0 |.023 | .59 ].027] .68 | 
.745]18.9| .636 5.4 |.065 |1.63 |.119 | 3.0 
[veezaz | 5622 |.a6i[ii.7] 335_| 831 [197/50 [os9]1s0[119[3.0 To23] so Loner] 
vsezas__|.745/18.9[ 636 | 16.15 [237 | 6.0 [075 |1.90|.138 | 3.5 [030] .77 |.0241 .68 | 
pveazaz | 6822 [asi [ui7] 335 [8.51 |.217[55 |oos |1.75].138]3.5 [023] 59 |.027] .68 | 
636_{ 16.15 |.251 [6.4 [ose |2.17 |.158 [4.0 [030] .77 |.034| .86 | 
6.0 |.079 {2.01 [158 | 4.0 [023 a 027] .68 
|veazai2 | v8ozai2 [745 [18.9 | 636 [16.15 |.275| 7.0 or aa tie ae ost feat 
retoozane| Vioobsis- foes esas fase 5 fos ar a 4.5 023 | .59 |.027] .68 | 
745 |18.9| .636 74 }107 [2.71 fafa |.77 |.034] 86 _| 
461 ages Fey Poe foe ee fore [2.0 1023 | .59 [.027| 68 | 
| vi20zA6__|.745] 18.9 5.0 }059 [1.36 
|_1502__|.4o1 [11.7] 335 [8.51 |i [4.5 foas [1.24 [099 [2.5 [023 | 39 |.0271 68 
pvisozas [745/189] 636 [16.15 |.197 | 5.0 [054 [1.36 |.099 [2.5 [030 


| 180z [461 [11.7 4.5 1048 {1.24 1099 [2.5 [023 [59 [.027] .68 | 
[visozaio | visozaio [.745/18.9| 636 | 16.15 [21215.4 L065 [1.63 |.119 [3.0 [030 


V120ZA6 


V150ZA1 


V150ZA8 
V180ZA1 


The maximum allowable operating ambient temperature | 
without derating is 85°C if the average power of the input ' 
transients is zero. This condition is satisfied if the voltage 
transients are random and non repetitive. Above 85°C the 


DERATING CURVE IF AVERAGE eats applied voltage and energy ratings both are reduced. 
% 


If the voltage transients are repetitive the allowable ambient 
is reduced according to the level of the average power input. 
For example, if the average power of the transients is 50% of 
the dissipation rating the maximum allowable ambient 
temperature without derating is 70°C. Then, for operation 
above 70°C the applied voltage and energy ratings are linearly 
te) 
40 50 60 70 80 90 100 10 1290 "educed to zero at 100°C. 
AMBIENT TEMPERATURE °C 


Figure 11. VOLTAGE AND ENERGY RATINGS VS. AMBIENT TEMPERATURE 
AND AVERAGE POWER OF INPUT TRANSIENTS 
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GE-MOV® VARISTOR APPLICATIONS 


ELECTRONIC SWITCHING OF INDUCTIVE LOADS 


When an inductive load is switched off by a transistor, a high 
§.0.R. (Safe Operation Region) is required of the transistor 
to prevent reverse-biased second breakdown. If a GE-MOV® 
Varistor is connected from collector to emitter, the energy 
stored in the inductor is no longer forced through the tran- 
sistor but instead is transferred to the Varistor. This results 
in a significant decrease in transistor stress and a much more 
reliable circuit operation. 


——* Vout 


ELECTRONIC SWITCHING FOR REGULATION 


Vin 


Sudden application of supply voltage (or initial turn-on) can salt T 
damage a switch mode regulator switching device by subject- ote, em 
ing it to the heavy current surge required to charge the un- 

charged filter capacitor. 


A GE-MOV® Varistor can be used to shunt the initial surge 
around the switching device, precharging the capacitor to a 
safe value. The Varistor will not affect circuit operation at 
times other than at initial turn-on because it draws extremely 
little current at a voltage of Vij — Vour. Applied in this L ae i J 


manner, the GE-MOV® Varistor can offer important protec- a 
tion for a line operated power supply. , 


GE-MOV® VARISTOR APPLICATION NOTES 


PUB. NO. TITLE 


200.60 GE-MOV Varistors Voltage Transient Suppressors 


200.72 Using GE-MOV Varistors to Extend Contact Life 

200.73 Testing GE-MOV Varistors 

200.77 Detecting & Suppressing Nanosecond Wide Spikes with GE-MOV ® Varistors 

201.28 Energy Dissipation in GE-MOV® Varistors for Various Pulse Shapes 

660.30 _ Six Ways to Control Voltage Transients, Reprint from Electronic Design 

660.32 Transient Suppression . . . Don’t Make The Cure Worse Than The Disease, Reprint from Machine Design 


451.133 Transient Voltage Suppression Manual 
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Phase Control Power Modules 
AC-DC Conversion 


120 OR 240V AC RMS 
LINE OPERATION 


PHASE CONTROL 25 AMP SERIES 


DESCRIPTION 


The General Electric Power Module is a new concept of pack- 
aging individual power semiconductor pellets in an electrically 
isolated, epoxy encapsulated package to perform phase con- 
trolled circuit functions, controlling resistive or inductive 
loads. 


FEATURES 


¢ Direct bonded copper mountdown for low thermal resist- 
ance and mechanical integrity. 

© Strike and creep distances meet proposed NEMA Standard 
(1/16/1972) and U.L. 508 for 240V AC RMS Operation. 

© Power-Glas™ passivated silicon pellets for high reliability. 

¢ GE-MOV® Varistor transient over-voltage protection on all 
base circuits. 

e Electrically isolated package (2500V Peak) terminals to base. 

¢ 120V or 240V RMS line operation. 

¢ Maximum rated output of 25 amperes It(avy at 85°C base 
plate temperature Tipp): 

¢ Epoxy encapsulated to provide resistance from mechanical 
shock and moisture. 

e Standard fast-on terminals. 


APPLICATIONS 


¢ DC Motor Power Supplies e Industrial Heating 


BENEFITS 

¢ Improved heat management. 

¢ Reduced circuit design costs. 

¢ Lower initial costs achieved by redu 
packaging costs. 

e Reduced inventory costs. 

e Lower test cost achieved by testing 
functional assembly. 


e Ease of Installation: Customer provides 
gating circuit and standard wiring. 


e Ease of maintenance. 


MARKETS 
¢ Industrial Control 
e Machine Tool 


> Business Machine 


¢ Permanent Magnet Motor Controls ¢ SCR Phase Controlled Power Supplies ® Computer 
© Magnetic Clutches and Brakes e Battery Charger Power Supplies ¢ Communication 
OUTLINE DRAWING 
A INCHES METRIC 
ee B——(MOUNTING HOLES) ——*4~-c MM 
Bal ae saa3 MAX. | MIN. | MAX. | NOTES 
Res Q-—— (ENCAPSULANT) 2,485/2.51 5/63.12/63.88 
1 1.890/1.91 0/48.0! 4851) NOTES: 
x | .290) .3! 0) 7.37; 7.87 1 |. TERMINALS WILL ACCEPT .250 SERIES 
me ae Be = 3.94] - | FAST-ON CONNECTORS. 
215) 508) 5.46 
abe 630{15.75|1 600] "| 2. VIEW SHOWS TYPICAL LOCATIONS. 

- 1.260]30,.50/32.00 SEE CIRCUIT SCHEMATICS AND TERMINAL 
REF. 27.18|R EF. | POSITIONS FOR NUMBER OF 
660/15.87/16.76 TERMINALS AND THEIR LOCATIONS FOR 
067 1.45] 1.70 SPECIFIC MODEL. 

070} 1.40] 1.78) | 
550 13.28] 1 3.97, 3. U DIMENSION SHOW MAXIMUM HEIGHT OF 
AC 8500/2032 21.59 VARISTOR. VIEW ONLY SHOWS TYPICAL 
AB 1.025]24.51/26.04/ LOCATION. VARISTOR APPEARS ONLY ON 
AA =| T 1915) - 148.64 MODELS BEGINNING WITH LETTERS wv. 
< = 7.23; —- 
‘| r O37) 69) 94 4. POINTS (X-Y) ARE FOR THERMOCOUPLE 
255] 622) 648] 1&2 PLACEMENT FOR BASE PLATE TEMPERATURE 
1.550 = 139.37 3 | MEASUEMENT. 
= 5.84) — 
310] — 737] 4 5. TABS SHOWN ATTACHED TO A.C. TERMINALS 
235; —- 5.97| 4 | ARE INTENDED FOR GE-MOV® VARISTOR 
085] 1.65] 216 ATTACHMENT. 
= 1.02 = 


Power Module Nomenclature: 
W V 2 BE 2 E PHASE CONTROL POWER MODULES 


ee ee 


GENERAL ELECTRIC GENERAL ELECTRIC BASE PLATE CIRCUIT MAX. CURRENT VOLTAGE 


POWER MODULE GE-MOV®VARISTOR DIMENSION TYPE AT MAX, BASE 
SERIES PROTECTED INPUT PLATE TEMP. 
Maximum Average Output Current (Total Bridge, Tpp = 85°C): sake eer ged ba Ee ba nah SS 25 Amperes 
DC Output Current Iy(av) (Total Bridge)... 2... eee eee ee eee Depends on Conduction Angle (See Chart 1,3,4,5) 
Critical Rate-Of-Rise of On-State Current, di/dt:!. ee ee ee tee eee (See Chart 13) 
Gate Triggered Operation-Switching from 500 Volts ....-- +e e eee eee eee res 100 Amperes Per Microsecond 
Peak One Cycle Surge (Non-Rep) On-State Current, Itgm 60HZ .-- +--+ eee ete ents 300 Amperes 
I’t (for fusing), For Times at 8.3 milliseconds. . . (See Chart) se.03: koe e dace de pai acne, Weel 370 Ampere? Seconds 
1.0 milliseconds... 0... ec ee eens 260 Ampere? Seconds 
Peak Gate Power Dissipation, PgM.- +--+. seer tere tte ete 5 Watts for 10 Microseconds 
Average Gate Power Dissipation, Pg(av) -- +--+ eect ttt eres 0.5 Watts 
Peak Positive Gate Current,Igue--- ee te eee ee ee ee es (See Chart 12) 
Peak Positive Gate Voltage, Vam --- eee ee te ene tnt eee ee ee ns (See Chart 12) 
Peak Negative Gate Voltage, VgMm- +--+ eee ete eet ttt tee ee ees 5 Volts 
Storage Temperature, TopG--- eee ett eet et eee ee ees -40° oe to 125°C 
Operating Temperature, Ty .. 6-0 ee ee eee ee tee et ee ee es -40°C to 125°C 
Isolation Breakdown Voltage Between Any Terminal and Base Plate? 24680 8 becdie aceeck eed ds Sana ed, & 2500 Volts (Peak) 
Minimum Strike and Creep Distance: 
Terminal to Terminal... 0.0.00 ee Es 0.375 Inch 
Terminal to Terminal... 0... ee ee ee ee es (0.95 CM) 
Minimum Strike and Creep Distance: 
Terminal to Base Plate... 0. ee ee ee ee Ee 0.500 Inch 
Terminal to Base Plate... 0. ee EE Re (1.27 CM) 
Maximum Weight... 26.2 ee EERE re ee 2.65 Ounces 
Maximum Weight... 0... ee EE ee ee Ee ee ee (75 Grams) 


1 gi/dt rating is established in accordance with EIA NEMA Standard RS 397, Section 5. 2.2.6. Off-State (blocking) voltage capability may be 
temporarily lost after each current pulse for duration less than the period of the applied pulse repetition rate. The pulse repetition rate for 
this test is 400 Hz. The duration of the di/dt test condition is 5 seconds (minimum). 


2 Rating applies for 50, 60 and 400 Hz Sinusoidsl Wave Form. 
CHARACTERISTICS 


TEST SYMBOL 


Critical Rate-Of-Rise 


of Off-State Voltage 
VGT 


Tpp = 125°C, Rated Vppm Gate Open 


Circuited, Li F 
(Higher Values May ircuited, Linear Wave Form 


Cause Device 
Switching) 


Tpp = 25°C, Vp = 12Vde, Ry = 8022 


Tpp = -40°C, Vp = 12Vde, Ry = 50Q 


DC Gate Trigger 
Current 


= 
we} l ft 
oS 
sme 
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o 
aQ 


DC Gate Trigger 
Voltage 


wld 
olu 


< 
2 


Holding Current Anode Source Voltage = 24Vdc, Peak 
Initiating On-State Current = 0.5A, 
0.1 msec to 10 msec Wide Pulse. 


Gate hip Source = 7V, 20 ohms. 


Main Terminal Source Voltage = 24Vdc, 
Gate trigger source = 15V, 100 ohms, 
50 psec pulse width, 5 {sec rise and 

fall times max. 


Tpp = 25°C. 


Latching Current 


NOTE: Assumes a 2.0 square inch surface 
area with thermal grease, GE-G-640, 
or equivalent on smooth contact 
surface. 


Steady-State 
Thermal Resistance, 
Base Plate to 

Heat Sink 
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PHASE CONTROL POWER MODULES 


CIRCUIT FAMILY 


BASIC CIRCUIT 
SCHEMATIC 


AVERAGE OUTPUT CURRENT @ Tgp=85°C AMPS 
VOLTAGE INPUT (Vac) Rus 


BASIC CIRCUIT WV2BE25C | WV2BE25E | WV2BU25C | WV2BU25E | WV2BA25C | W\ 
cirncuiT® | WITHOUT FREE WHEELING DIODE WV2BC2S5SC ) WV2BC25E | WV2BK25C | WV2BK25E 


TYPES | wiTHOUT GE-MOV® VARISTOR PROTECTION weBe2sc | w2BE25E | w2Bu25c | w2Bu25e | w2BA2sc 
WA ROUT FREE WHEELING DIODE AND GE-MOV® | wogcosc | weecese | w2Bk25c | waexese | | 


TERMINAL POSITION 


* OTHER CIRCUIT TYPES AVAILABLE, CONTACT FACTORY. 
+ CONTACT FACTORY FOR CURRENT RATINGS FOR APPLICABLE CIRCUIT, 


|i? RESISTIVE LOAD MODELS 


60} + + + 


NOTE: 


2 
oO 


CURVES ASSUME ZERO GATE BIAS 
| DURING NEGATIVE BLOCKING. 
Tr 
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CONDUCTION ANGLE OF 
OUTPUT WAVEFORM 
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i. 
CONDUCTION ANGLE 
OF OUTPUT WAVEFORM 


AVERAGE POWER LOSS 
I@ RESISTIVE LOAD MODELS 
BE 


BY 
BA 
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TOTAL ROWER DISSIPATION-WATTS 


MAXIMUM BASE PLATE TEMPERATURE (°C) 
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30) 


° 5 [fe] 20 25 5 10 — 20 25 
Iy AVERAGE OUTPUT CURRENT-AMPS TOTAL BRIDGE Ty AVERAGE OUTPUT CURRENT-AMPS TOTAL BRIDGE 
1. MAX. ALLOWABLE BASE PLATE TEMPERATURE 2. MAX. OUTPUT POWER DISSIPATION 
VS. AVERAGE OUTPUT CURRENT (SINE WAVE) VS. AVERAGE OUTPUT CURRENT (SINE WAVE) 
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MAXIMUM BASE PLATE TEMPERATURE (°C) 
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} LOAD MODEL B 
Bu 


60} 
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CURVES ASSUME ZERO GATE BIAS 
DURING NEGATIVE BLOCKING, 
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OQUTY CYCLE OF 
OUTPUT WAVEFORM 
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AVERAGE POWER LOSS 


I@ SQUARE WAVE LOAD MODELS 


|e ot 


TOTAL POWER DISSIPATION-WAT TS 
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25 ° 25 | 


' i5 20 5 10 1 20 
Iy AVERAGE OUTPUT CURRENT-AMPS TOTAL BRIDGE Iy AVERAGE OUTPUT CURRENT-AMPS TOTAL BRIDGE 


5. MAX. ALLOWABLE BASE PLATE TEMPERATURE 6. MAX. OUTPUT POWER DISSIPATION 
VS. AVERAGE OUTPUT CURRENT (SQUARE WAVE) 1446 VS. AVERAGE OUTPUT CURRENT (SQUARE WAVE 
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PHASE CONTROL POWER MODULES 


DC 


| wvacazse | wv20A c | wv2pa__E | wv2pc__c | wv2D¢__E 


W2DA__C | weoa__e | we2pc__c | w2dc__e 


+ 


i—] 
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SINUSOIDAL WAVEFORM 60Hz 
CONDUCTION ANGLE = 360° 
MODEL AA 


aw 
fo} 


l@ RESISTIVE LOAD 
MODEL CA 


CONDUCTION ANGLE 
iy OF OUTPUT WAVEFORM 
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ALABAMA 
Huntsville 35801 

3322 S, Memorial Pkwy. 
Suite 4 

Area Code: ‘205 
883-9220 


Area Code: 602 
264-1751 


CALIFORNIA 

Los Angeles 90064 
11840 W. Olympic Blvd, 
Area Code: 213 
479-7763 


Palo Alto 94304 
1801 Page Mill Rd. 
Suite 223 

Area Code: 415 
493-2600 


COLORADO 


Denver 80201 

201 University Blvd, 
Mailing Address: 

P.O, Box 2331, 80201 
Area Code: 303 
320-3031 


CONN ECTICUT 
Bridgeport 06602 
1285. Boston Ave. 
Building 28-CE 

Area Code: 203 
334-101 2s 


DISTRICT OF COLUMBIA 
(Washington) 

Falls Church, Va, 22043 

7777 Leesburg. Pike 

Area Code: 703 

790-1700 


FLORIDA 

North Palm Beach 33408 
321 Northlake Blvd. 
Suite 101 

Area Code: 305 
844-5202 


AFRICA 


S.A. General Electric (Pty) Ltd. 
P.O. Box 24 

Maitland 7405 

R.S.A, 

Tel: 511251 


S.A. General Electric Ltd, 
P.O, Box 1482 
Capetown, R.S.A, 

Tel: 51-1251 


AUSTRALIA 


Australian General Electric Ltd, 
86-90 Bay St, 

Ultimo, N.S.W., 2007 

Tel: 212-3711 


AUSTRIA 


General Electric Technical 
Service Company, Inc. 
East Central Europe Liaison 
Peter Jordan Strasse 99 
A-1180 Vienna, Austria 


BELGIUM 

General Electric Company (USA) 
‘Chaussee De La Hulpe 150 
B-1170 Brussels 

Tel: 660 20 10 


451.138 


, 


GENERAL ELECTRIC WORLDWIDE ELECTRONIC COMPO. 


ILLINOIS: 


41 
3800 | Milwaukee Ave. 
Area oe 312 


2109 E, State Blvd. 
Area Code: 219 
482-4557 


Indianapolis 46208 
3750 N. Meridian St. 
Area Code: 317 
923-7221 


MASSACHUSETTS 
Wellesiey 02181 

1 Washington St, 

Area Code: 617 
237-2050 


MICHIGAN 
Southfield 48075 
24681 Northwestern 
Area Code: 313 
355-3552 


MINNESOTA 
Minneapolis 55435 
4900 Viking Dr. 
Room 108 

Area Code: 612 
835-2550 


MISSOURI 
Kansas City 64105 
911 Main St. _ 
Suite 518 

Area Code: 816 
221-4033 

St. Louis 63132 
1530 Fairview St. 
Area Code: 314 
429-6941 


NEW JERSEY 


Fairfie Id: 07006 
420 ‘Route 46 
Area Code: 201 
227-6050 


CANADA 


Canadian General Electric Co, 


189 Dufferin St. — 


Toronto, Ontario, Canada 
Area Code: 416 
Tel: 537-4481 


ENGLAND 


International General Electric 
Company of New York, Ltd. 

Park Lorne, 

1117 Park Rd. 

London ‘NW87 iL. 

Tel: 01-402-4100 


. FRANCE 


.. General Electric Technical Service 
Company inc., France © 

42 Avenue Montaigne 

* \Paris-8© ; 

“Tel: 225- 52-32 


GERMANY erates 
General Electric Germaiy, 
Posjfach*2963,  .* 
Eschersheimer Lavidstrasse 50- “62 
6000 Frankfurt/Ma1~ — 

Tel: (0611)-15641- 


NEW YORK © 


Albany 12205 . 


11 Computer Dr., W. . 


Area Code: 518 


458-7755 \. 


New York City — call: , 
Jericho 11753 

400 Jericho Tnpk. 

Area Code: 516 

681 -0900 


Rochester 14623 
3000 Winton Rd., S. 
Area Code: 716 
461-5400 


Syracuse 13201 
Bldg. 1, Room 227 
Electronics Pk, 
Area Code: 315 
456-2196 


NORTH CAROLINA 


Greensboro 27408 
1828 Banking St. 
P.O. Box 9476 
Area Code: 919 
273-6981 


OHIO 

Cleveland 44132 

26250 Euclid Ave. 

Area Code: 216 
266-2900 a 
Dayton 45439 

3430 S, Dixie Highway 
Mailing Address: 

P.O. Box 2143 
Kettering Branch 45429 
Area Code: 513 
298-0317 


OKLAHOMA 


Oklahoma City 73112 

3022 Northwest Expressway 
May-Ex Building 

Room 412 

Area Code: 405 

943-9015 


PENNSYLVANIA 


Erie 16531 

Building 63-2 

1100 Lawrence Pkwy. 

Area Code: 814 $r545 
455-5466 


Pe ee) 


aa 
INDIA 
Elpro International Led. 
Producer Goods Dept. 
‘Nirmal, 17th Floor 
Nariman Point, Bombay 400021 
Tel: 292471 


IRELAND 
Electronic Trading Co. 
The Demesne 

County Louth 
Dundalk 

Tel: (042) 32371 


ITALY 

Compagnia Generale Di 
Elettricita S.P.A. 

Via Pergolesi 25 

20124 Milan 

Tel: 202808-203208 


JAPAN 

General Electric Japan, Ltd. 
Tonichi Bldg., 5th Floor 
2-31, Roppongi, 6-Chome, 
Minato-Ku 

Tokyo, 106 Japan 

Tel: 03-405-2920 


“S$ SALES S OFFICES 7 


it: 
Vikas 

(Pp BF ccionisl ; , 

Wayne 19087 

999 Old Eagle School Rd, 


#rea Code: 215 
362-1500 


tw 


4 Fiala 15220 


3.farkway Center 
Room 304 ; 
“Area Code: 412 _ 
921-4134 


TEXAS 


Dallas 75240 

6530 LBJ Freeway 
Suite 119-B 

Area Code: 214 
661-8582 


Houston 77036 
7011 S.W. Freeway 4 
Suite 106 
Area Code: 713 : 
777-3443 


VIRGINIA 


Waynesboro 22980 
Suites 19 and 20 
Skyline Motor Court 
Rt. 250 East 

Area Code: 703 be 
943-1151 


Portsmouth 23707 
808 Loudon Ave. 
Area Code: 804 
397-8752 


WASHINGTON 
Seattle 98188 

112 Andover Park, E. 
P.O. Box 88850, 98188 
Area Code: 206 
575-2866 


WISCONSIN 
Milwaukee 53202 
615 E. Michigan St. 
Area Code: 414 
271-5000 hea 


MEXICO 

General Electric De Mexico, S.A. 
Apartado 53-983 

Marina Nacional No. 365 
Mexico 17 D.F. 

Tel: 545-63-60 


SINGAPORE 

General Electric (USA) Asia Co. 
Cathay Building, Suite 104 
Orchard Road 

Singapore, 9 


SPAIN 

International General Electric 
Company of Spain, S.A. 

Edificio Espana Apartado 700 

Avenida Jose Antonio 88 

Madrid 

Tel: 247.16.05 


SWEDEN 

International General Electric AB 
Fack, Tritonvagen 27 

17120 Solna 

Sweder 

Tel: 081730 07 40 


VENEZUELA 

General Electric De Venezuela S.A. 
Sabana Grande- 

Caracas 
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